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(57) ABSTRACT

Provided is an image processing apparatus, including, a
memory unit that stores an input image and read the input
image as first image second images, an acquiring unit that
acquires an up-conversion line that is a line of pixels used
for up conversion from the first and second images, an
up-converting unit that performs up conversion using pixels
of the up-conversion line, and generate first and second
up-converted images obtained by up converting the first and
second images, and a generating unit that writes the first and
second up-converted images in first and second memory
blocks, reads pixels of the first and second up-converted
images written in the first and second memory blocks in a
certain order decided according to a scan method of a
display device configured to display an output image
obtained by up converting the input image, and generates the
output image according to the scan method.

21 Claims, 20 Drawing Sheets
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1
IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Priority
Patent Application JP 2013-061953 filed Mar. 25, 2013, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

The present technology relates to an image processing
apparatus, an image processing method, and a program, and
more particularly, to an image processing apparatus, an
image processing method, and a program, which are capable
of performing, for example, resolution conversion of both a
two dimensional (2D) image and a three dimensional (3D)
image at a low cost.

In recent years, display devices have been getting larger.

The resolution of display devices (and images) of so-
called 2K resolution (the resolution is 2K) is 1920x1080
pixels. Meanwhile, the resolution of display devices of
so-called 4K resolution is 3840x2160 pixels or 4096x2160
pixels.

For example, when an image (a 2K image) of the 2K
resolution is displayed on a display device of the 4K
resolution, resolution conversion of converting the 2K
image into a 4K image is necessary for resolution matching.

For example, a resolution conversion technique of dis-
playing an image on a multi-display in which a plurality of
display devices are combined to function as a single display
device has been proposed in JP 2003-280623A.

SUMMARY

There is no standard method for scanning a 4K image of
a display device of 4K resolution (hereinafter referred to as
a “4K display device” as well), and a scan method differs
according to a display device.

Examples of the scan method of the 4K display device
include a single screen method, a bamboo blind method, a
normal cross-in-square method, and a spring cross-in-square
method.

As the 4K display device of the single screen method or
the bamboo blind method, for example, a 4K display device
employing a liquid crystal panel in which a polarizing plate
in which polarization characteristics of respective lines are
different is disposed on a display screen is implemented.
According to the 4K display device, it is possible not only
to display a 2D image but also to display a 3D image of a
line-by-line method by a combination with polarization
glasses (a user can view a 3D image of a line-by-line method
using polarization glasses).

However, since a separate device has to be prepared for
resolution converting according to a scan methods of a 4K
display device or according to whether a resolution conver-
sion target is a 2D image or a 3D image, the cost of an
overall device increases.

It is desirable to be able to perform resolution conversion
of both a 2D image and a 3D image at a low cost.

According to an embodiment of the present technology,
there is provided an image processing apparatus or a pro-
gram for causing a computer to function as such the image
processing apparatus, including a memory unit configured to
store an input image and read a part or all of the input image
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2

as a first image and a second image, an acquiring unit
configured to acquire an up-conversion line that is a line of
pixels used for up conversion from the first and second
images, an up-converting unit configured to perform up
conversion using pixels of the up-conversion line, and
generate a first up-converted image obtained by up convert-
ing the first image and a second up-converted image
obtained by up converting the second image, and a gener-
ating unit configured to write the first up-converted image in
a first memory block, write the second up-converted image
in a second memory block, read pixels of the first up-
converted image written in the first memory block in a
certain order decided according to a scan method of a
display device configured to display an output image
obtained by up converting the input image, read pixels of the
second up-converted image written in the second memory
block in the certain order, and generate the output image
according to the scan method of the display device. When
the input image is a three dimensional (3D) image, the
memory unit reads, in the 3D image, an L-side image viewed
with a left eye as the first image, and reads an R-side image
viewed with a right eye as the second image, the acquiring
unit acquires a first up-conversion line that is a line of pixels
used for up conversion for generating the first up-converted
image from the first image, and acquires a second up-
conversion line that is a line of pixels used for up conversion
for generating the second up-converted image from the
second image, and the generating unit generates an up-
converted 3D image of a line-by-line method in which the
pixels of the first up-converted image written in the first
memory block and the pixels of the second up-converted
image written in the second memory block are alternately
arranged in unit of lines by up converting the 3D image.
According to an embodiment of the present technology,
there is provided an image processing method, including
storing an input image and reading a part or all of the input
image as a first image and a second image, acquiring an
up-conversion line that is a line of pixels used for up
conversion from the first and second images, performing up
conversion using pixels of the up-conversion line, and
generating a first up-converted image obtained by up con-
verting the first image and a second up-converted image
obtained by up converting the second image, writing the first
up-converted image in a first memory block and writing the
second up-converted image in a second memory block,
reading pixels of the first up-converted image written in the
first memory block in a certain order decided according to a
scan method of a display device configured to display an
output image obtained by up converting the input image,
reading pixels of the second up-converted image written in
the second memory block in the certain order, and generat-
ing the output image according to the scan method of the
display device. When the input image is a three dimensional
(3D) image, in the reading of the first and second images, an
L-side image viewed with a left eye in the 3D image is read
as the first image, and an R-side image viewed with a right
eye is read as the second image, in the acquiring of the
up-conversion line, a first up-conversion line that is a line of
pixels used for up conversion for generating the first up-
converted image is acquired from the first image, and a
second up-conversion line that is a line of pixels used for up
conversion for generating the second up-converted image is
acquired from the second image, and in the generating of the
output image, an up-converted 3D image of a line-by-line
method in which the pixels of the first up-converted image
written in the first memory block and the pixels of the
second up-converted image written in the second memory
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block are alternately arranged in units of lines is generated
by up converting the 3D image.

According to an embodiment of the present technology,
an input image is to be stored and a part or all of the input
image is to be read as a first image and a second image. An
up-conversion line that is a line of pixels used for up
conversion is to be acquired from the first and second
images. Up conversion is to be performed using pixels of the
up-conversion line, and a first up-converted image obtained
by up converting the first image and a second up-converted
image obtained by up converting the second image are to be
generated. The first up-converted image is to be written in a
first memory block, the second up-converted image is to be
written in a second memory block, pixels of the first
up-converted image written in the first memory block is to
be read in a certain order decided according to a scan method
of a display device configured to display an output image
obtained by up converting the input image, pixels of the
second up-converted image written in the second memory
block is to be read in the certain order, and the output image
is to be generated according to the scan method of the
display device. When the input image is a three dimensional
(3D) image, the memory unit reads an [-side image viewed
with a left eye in the 3D image as the first image, and reads
an R-side image viewed with a right eye as the second
image, the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for generating
the first up-converted image from the first image, and
acquires a second up-conversion line that is a line of pixels
used for up conversion for generating the second up-con-
verted image from the second image, and the generating unit
generates an up-converted 3D image of a line-by-line
method in which the pixels of the first up-converted image
written in the first memory block and the pixels of the
second up-converted image written in the second memory
block are alternately arranged in units of lines by up con-
verting the 3D image.

Further, the image processing apparatus may be an inde-
pendent apparatus or may be one of internal blocks config-
uring one apparatus.

Further, the program may be provided such that the
program is transmitted through a transmission medium or
recorded in a recording medium.

According to one or more embodiments of the present
technology, it is possible to perform resolution conversion of
an image. Particularly, it is possible to perform, for example,
resolution conversion of both a 2D image and a 3D image at
a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an exemplary
configuration of an embodiment of a television to which an
embodiment of the present technology is applied;

FIG. 2 is a diagram for describing a scan method that can
be employed by a display device 13;

FIGS. 3Ato 3C are diagrams for describing processing of
a frame memory unit 21 when a 2K input image is a 2D
image;

FIG. 4 is a block diagram illustrating an exemplary
configuration of a vertical developing unit 22;

FIG. 5 is a diagram for describing processing of the
vertical developing unit 22 when a scan method of the
display device 13 is a normal cross-in-square method or a
spring cross-in-square method;
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FIG. 6 is a diagram for describing processing of the
vertical developing unit 22 when a scan method of the
display device 13 is a single screen method or a bamboo
blind method;

FIG. 7 is a block diagram illustrating an exemplary
configuration of a scan changing unit 24;

FIG. 8 is a diagram for describing a reading and writing
process of the scan changing unit 24 on four memory blocks
71, 72, 81, and 82;

FIG. 9 is a diagram for describing a reading and writing
process of the scan changing unit 24 on four memory blocks
71, 72, 81, and 82;

FIG. 10 is a diagram for describing a reading and writing
process of the scan changing unit 24 on four memory blocks
71, 72, 81, and 82;

FIG. 11 is a diagram for describing a reading and writing
process of the scan changing unit 24 on four memory blocks
71, 72, 81, and 82;

FIG. 12 is a diagram for describing up conversion of a 3D
image;

FIG. 13 is a diagram for describing a resolution conver-
sion process performed by an image processing unit 12
when a 2K input image is a 3D image of a line-by-line
method;

FIG. 14 is a diagram for describing a resolution conver-
sion process performed by the image processing unit 12
when a 2K input image is a 3D image of a top- and bottom
method;

FIG. 15 is a diagram for describing a resolution conver-
sion process performed by the image processing unit 12
when a 2K input image is a 3D image of a frame sequential
method;

FIG. 16 is a diagram for describing storage content of a
frame memory unit 21 and first and second 2K images for a
frame sequential 3D image;

FIG. 17 is a diagram for describing operations of the
respective blocks configuring the image processing unit 12;

FIG. 18 is a flowchart for describing a resolution conver-
sion process performed by the image processing unit 12;

FIG. 19 is a flowchart for describing a resolution conver-
sion process of a 3D image; and

FIG. 20 is a block diagram illustrating an exemplary
configuration of an embodiment of a computer to which an
embodiment of the present technology is applied.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

Hereinafter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.

<Embodiment of Television to which Present Technology
is Applied>

FIG. 1 is a block diagram illustrating an exemplary
configuration of an embodiment of a television (television
receiver) to which the present technology is applied.

Referring to FIG. 1, a television includes an image
acquiring unit 11, an image processing unit 12, and a display
device 13.

For example, the image acquiring unit 11 is configured
with a tuner, a network interface, or the like. The image
acquiring unit 11 receives a terrestrial or other television
broadcast program or receives content from a server on the
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Internet, acquires an image, and supplies the image to the
image processing unit 12 as an input image that inputs the
image to the image processing unit 12.

Here, the input image is assumed to be, for example, an
image (2K image) having a resolution of 2K. The input
image that is the 2K image is also referred to as a “2K input
image.”

The image processing unit 12 performs resolution con-
version of converting the resolution of the 2K input image
received from the image acquiring unit 11 into a resolution
matching a resolution of the display device 13, and supplies
an image obtained by the resolution conversion to the
display device 13 as an output image to be output on the
display device 13.

The display device 13 is, for example, a display device
having a resolution of 4K (the 4K display device), and
displays the output image supplied from the image process-
ing unit 12 according to a certain scan method.

As the scan method of the display device 13, for example,
the single screen method, the bamboo blind method, the
normal cross-in-square method, the spring cross-in-square
method, or the like may be employed.

As the 4K display device of the single screen method or
the bamboo blind method, for example, a liquid crystal panel
in which a polarizing plate in which polarization character-
istics of respective lines are different is arranged on a display
screen may be employed. When the 4K display device is
employed as the display device 13, it is possible not only to
display a 2D image but also to display a 3D image of a
line-by-line method by a combination with polarization
glasses.

Here, as described above, when the input image is the 2K
image and the display device 13 is the 4K display device, the
image processing unit 12 performs resolution conversion of
converting the 2K image into the 4K image.

Referring to FIG. 1, the image processing unit 12 includes
a frame memory unit 21, a vertical developing unit 22,
up-converting units 23, and 23,, a scan changing unit 24,
and a control unit 25.

The frame memory unit 21 has the memory capacity
capable of storing 2K images of one or more frames. The
frame memory unit 21 stores the 2K input image supplied
from the image acquiring unit 11 in units of frames, reads
some or all (frames of) the 2K input images as a first 2K
image and a second 2K image, and supplies the first 2K
image and the second 2K image to the vertical developing
unit 22. In the frame memory unit 21, the first 2K image and
the second 2K image may be read in parallel.

The vertical developing unit 22 functions as an acquiring
unit for acquiring an up-conversion line that is a line of
pixels used for up conversion from the first 2K image and
the second 2K image supplied from the frame memory unit
21, and supplies the up-conversion line to the up-converting
units 23, and 23,.

The up-converting unit 23, generates a first 4K image
having the resolution of 4K as a first up-converted image
obtained by up-converting the first 2K image having the
resolution of 2K by performing up conversion using pixels
of the up-conversion line from the vertical developing unit
22, and supplies the first 4K image to the scan changing unit
24.

The up-converting unit 23, generates a second 4K image
having the resolution of 4K as a second up-converted image
obtained by up-converting the second 2K image having the
resolution of 2K by performing up conversion using pixels
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of the up-conversion line from the vertical developing unit
22, and supplies the second 4K image to the scan changing
unit 24.

Further, the up-converting method of the up-converting
units 23, and 23, is not particularly limited, and an arbitrary
method may be employed.

The scan changing unit 24 functions as a generating unit
that generates an output image (a 4K output image) having
the resolution of 4K according to the scan method of the
display device 13 using the first 4K image received from the
up-converting unit 23, and the second 4K image received
from the up-converting unit 23,, and supplies the 4K output
image to the display device 13.

The control unit 25 controls the respective components
configuring the image processing unit 12 as necessary.

In the television having the above-described configura-
tion, the image acquiring unit 11 acquires the 2K input
image and supplies the 2K input image to the image pro-
cessing unit 12. The image processing unit 12 performs the
resolution conversion of the 2K input image received from
the image acquiring unit 11, and supplies the 4K output
image obtained by the resolution conversion to the display
device 13.

The display device 13 displays the 4K output image
received from the image processing unit 12 according to a
certain scan method.

<Scan Method>

FIG. 2 is a diagram for describing an exemplary scan
method that can be employed by the display device 13 of
FIG. 1.

As described above, as the scan method of the display
device 13, for example, the normal cross-in-square method,
the spring cross-in-square method, the bamboo blind
method, the single screen method, or the like may be
employed.

In the normal cross-in-square method and the spring
cross-in-square method, a display screen 40 of the display
device 13 serving as the 4K display device is divided in half
in a horizontal direction and a vertical direction, that is,
divided into four small display screens 41, 42, 43, and 44.

Here, the small display screens 41, 42, 43, and 44 corre-
spond respectively to an upper left part, an upper right part,
a lower left part, and a lower right part of the display screen
40.

In the normal cross-in-square method, the small display
screens 41 to 44 are scanned in parallel in a direction from
the upper left to the upper right (which is referred to as a
“lower right direction scan” as well).

In other words, in the normal cross-in-square method, the
small display screens 41 to 44 are scanned in parallel such
that in each of the small display screens 41 to 44, pixels of
one line are scanned rightward in the horizontal direction
starting from an upper left pixel, and when the rightmost
pixel is scanned, pixels of a line one step lower in the
vertical direction are similarly scanned rightward.

In the spring cross-in-square method, the small display
screens 41 to 44 are scanned in parallel such that scanning
is performed in directions toward four corners from the
center of the display screen 40 as if an image were springing
from the center the display screen 40.

In other words, in the spring cross-in-square method, an
upper left direction scan by which pixels of one line are
scanned leftward in the horizontal direction starting from a
lower right pixel, and when the leftmost pixel is scanned,
pixels of a line one step higher in the vertical direction are
similarly scanned leftward is performed on the upper left
small display screen 41.
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An upper right direction scan by which pixels of one line
are scanned rightward in the horizontal direction starting
from a lower left pixel, and when the rightmost pixel is
scanned, pixels of a line one step higher in the vertical
direction are similarly scanned rightward is performed on
the upper right small display screen 42.

Alower left direction scan by which pixels of one line are
scanned leftward in the horizontal direction starting from an
upper right pixel, and when the leftmost pixel is scanned,
pixels of a line one step lower in the vertical direction are
similarly scanned leftward is performed on the lower left
small display screen 43.

A lower right direction scan is performed on the lower
right small display screen 44. In other words, pixels of one
line are scanned rightward in the horizontal direction start-
ing from an upper left pixel, and when the rightmost pixel
is scanned, pixels of a line one step lower in the vertical
direction are similarly scanned rightward.

In the bamboo blind method, the display screen 40 of the
display device 13 serving as the 4K display device is divided
into quarters in the horizontal direction, that is, four small
display screens 51, 52, 53, and 54.

Here, the small display screens 51, 52, 53, and 54 corre-
spond to first to fourth parts of the display screen 40 from the
left.

In the bamboo blind method, the lower right direction
scan is performed on each of the small display screens 51 to
54 from the upper left to the lower right.

In other words, in the bamboo blind method, the small
display screens 51 to 54 are scanned in parallel such that in
each of the small display screens 51 to 54, pixels of one line
are scanned rightward in the horizontal direction starting
from the upper left pixel, and when the rightmost pixel is
scanned, pixels of a line one step lower in the vertical
direction are similarly scanned rightward.

In the single screen method, the lower right direction scan
is performed on the display screen 40 without dividing the
display screen 40.

In other words, in the single screen method, pixels of one
line are scanned rightward in the horizontal direction start-
ing from an upper left pixel on the display screen 40, and
when the rightmost pixel is scanned, pixels of a line one step
lower in the vertical direction are similarly scanned right-
ward.

Further, in the single screen method, one transmission
path is necessary to transmit an image to the display device
13, but in the scan methods other than the single screen
method, four transmission paths are necessary. Here, in the
scan methods other than the single screen method, a trans-
mission band of one transmission path is smaller than in the
single screen method.

Generally, when the scan method of the display device 13
is different, it is necessary to prepare a device having a
configuration according to the scan method of the display
device 13 as a resolution converting device that performs the
resolution conversion of the 2K input image.

However, since a separate resolution converting device is
prepared according to the scan method of the display device
13, the cost increases.

In this regard, the image processing unit 12 of FIG. 1 is
configured to perform resolution conversion for obtaining a
4K output image corresponding to the scan method of the
display device 13 regardless of the scan method of the
display device 13.

Next, the resolution conversion of the image processing
unit 12 when the 2K input image is a 2D image will be
described.
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<Resolution Conversion when 2K Input Image is 2D
Image>

FIGS. 3Ato 3C are diagrams for describing processing of
the frame memory unit 21 (FIG. 1) when the 2K input image
is a 2D image.

FIG. 3A is a diagram for describing processing of the
frame memory unit 21 when the scan method of the display
device 13 (FIG. 1) is the normal cross-in-square method.

When the scan method of the display device 13 is the
normal cross-in-square method, the frame memory unit 21
stores frames of the 2K input image received from the image
acquiring unit 11.

Then, the frame memory unit 21 reads (pixel values of)
pixels of the upper half as some frames of the 2K input
image according to the sequence of the lower right direction
scan, and supplies the read pixels to the vertical developing
unit 22 as the first 2K image.

Further, the frame memory unit 21 reads (pixel values of)
pixels of the upper half as the remaining frames of the 2K
input image according to the sequence of the lower right
direction scan similarly to when the pixels of the upper half
are read, and supplies the read pixels to the vertical devel-
oping unit 22 as the second 2K image.

As a matter of implementation, in order to generate pixels
of lines of the central part of the 4K output image by up
conversion in the up-converting unit 23, at the subsequent
stage, reading of the first 2K image and reading of the
second 2K image from (frames of) the 2K input image in the
frame memory unit 21 are performed to overlap on the lines
of the central part of the 4K output image.

In other words, the frame memory unit 21 reads pixels of
several lines beneath the upper half as well as pixels of the
upper half of (frames of) the 2K input image as the first 2K
image. Similarly, the frame memory unit 21 reads pixels of
several lines just above the lower half as well as pixels of the
lower half of (frames of) the 2K input image as the second
2K image.

FIG. 3B is a diagram for describing processing of the
frame memory unit 21 when the scan method of the display
device 13 is the spring cross-in-square method.

When the scan method of the display device 13 is the
spring cross-in-square method, the frame memory unit 21
stores frames of the 2K input image received from the image
acquiring unit 11.

Then, the frame memory unit 21 reads pixels of the upper
half as some frames of the 2K input image according to the
sequence of the upper right direction scan, and supplies the
read pixels to the vertical developing unit 22 as the first 2K
image.

Further, the frame memory unit 21 reads pixels of the
lower half as the remaining frames of the 2K input image
according to the sequence of the lower right direction scan
unlike when pixels of the upper half are read, and supplies
the read pixels to the vertical developing unit 22 as the
second 2K image.

Further, when the scan method of the display device 13 is
the spring cross-in-square method, as a matter of implemen-
tation, in order to generate pixels of lines of the central part
of'the 2K input image by up conversion in the up-converting
unit 23, at the subsequent stage, reading of the first 2K image
and reading of the second 2K image from the 2K input
image in the frame memory unit 21 are performed to overlap
on the lines of the central part of the 2K input image,
similarly to when the scan method of the display device 13
is the normal cross-in-square method.
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FIG. 3C is a diagram for describing processing of the
frame memory unit 21 when the scan method of the display
device 13 is the single screen method or the bamboo blind
method.

When the scan method of the display device 13 is the
single screen method or the bamboo blind method, the frame
memory unit 21 stores frames of the 2K input image
received from the image acquiring unit 11.

Then, the frame memory unit 21 reads pixels of odd-
numbered lines as some frames of the 2K input image
according to the sequence of the lower right direction scan,
and supplies the read pixels to the vertical developing unit
22 as the first 2K image.

Further, the frame memory unit 21 reads pixels of even-
numbered lines as the remaining frames of the 2K input
image according to the sequence of the lower right direction
scan, similarly to when pixels of odd-numbered lines are
read, and supplies the read pixels to the vertical developing
unit 22 as the second 2K image.

Further, when the scan method of the display device 13 is
the single screen method or the bamboo blind method, since
the display screen 40 of the display device 13 is not divided
in the vertical direction unlike the normal cross-in-square
method or the spring cross-in-square method, it is unneces-
sary to read lines of the central part of the 2K input image
in the overlapping manner when the first 2K image and the
second 2K image are read from the 2K input image.

FIG. 4 is a block diagram illustrating an exemplary
configuration of the vertical developing unit 22 of FIG. 1.

The vertical developing unit 22 includes developing units
61 and 62 and a selecting unit 63.

The developing unit 61 is supplied with (pixels of) the
first 2K image from the frame memory unit 21 (FIG. 1).

The developing unit 61 includes a plurality of line memo-
ries, for example, four line memories 61,, 61,, 61, and 61,.

The line memory 61, has the memory capacity corre-
sponding to one line of the 2K image, and stores pixels of
one line of the first 2K image received from the frame
memory unit 21.

In the developing unit 61, pixels of four consecutive lines
of the first 2K image received from the frame memory unit
21 are stored in the four line memories 61, to 61, in the order
in which the pixels are supplied from the frame memory unit
21. Then, the developing unit 61 reads the pixels of the four
consecutive lines of the first 2K image stored in the line
memory 61, to 61, in parallel in the form in which the pixels
are developed in the vertical direction, and supplies the read
pixels to the selecting unit 63.

The developing unit 62 is supplied with (pixels of) the
second 2K image from the frame memory unit 21.

The developing unit 62 includes a plurality of line memo-
ries, for example, four line memories 62,, 62,, 625, and 62,.

The line memory 62, has the memory capacity corre-
sponding to one line of the 2K image, and stores pixels of
one line of the second 2K image received from the frame
memory unit 21.

In the developing unit 62, pixels of four consecutive lines
of the second 2K image received from the frame memory
unit 21 are stored in the four line memories 62, to 62, in the
order in which the pixels are supplied from the frame
memory unit 21. Then, the developing unit 62 reads the
pixels of the four consecutive lines of the second 2K image
stored in the line memory 62, to 62, in parallel in the form
in which the pixels are developed in the vertical direction,
and supplies the read pixels to the selecting unit 63.

The selecting unit 63 selects a first up-conversion line that
is an up-conversion line used for up conversion for gener-
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ating the first 4K image from one or both of the four
(consecutive) lines of the first 2K image received from the
developing unit 61 and the four (consecutive) lines of the
second 2K image received from the developing unit 62, and
supplies the selected first up-conversion line to the up-
converting unit 23, (FIG. 1).

The selecting unit 63 selects a second up-conversion line
that is an up-conversion line used for up conversion for
generating the second 4K image from the other or both of the
four lines of the first 2K image received from the developing
unit 61 and the four lines of the second 2K image received
from the developing unit 62, and supplies the selected
second up-conversion line to the up-converting unit 23,
(FIG. 1).

In the present embodiment, the up-converting unit 23, is
assumed to generate pixels of one lines of the 4K output
image using pixels of four lines of the 2K input image, and
thus the developing unit 61 includes the four line memories
61, to 61,.

Thus, the number of the line memories 61, configuring the
developing unit 61 is different from the number of lines of
pixels of the 2K input image that is used to generate pixels
of'one lines of the 4K output image in the up-converting unit
23..

In other words, the number of lines of pixels of the 2K
input image used to generate pixels of one lines of the 4K
output image in the up-converting unit 23, is not limited to
four, and the line memories 61, that are equal to the number
of lines are disposed in the developing unit 61. This is
similarly applied to the developing unit 62.

FIG. 5 is a diagram for describing processing of the
vertical developing unit 22 (FIG. 4) when the scan method
of the display device 13 (FIG. 1) is the normal cross-in-
square method or the spring cross-in-square method.

When the scan method of the display device 13 is the
normal cross-in-square method or the spring cross-in-square
method, the upper half of (frames of) the 2K input image is
supplied from the frame memory unit 21 to the vertical
developing unit 22 as the first 2K image, and the lower half
of the 2K input image is supplied as the second 2K image.

In the developing unit 61 of the vertical developing unit
22, four consecutive lines of the upper half of the 2K input
image serving as the first 2K image are stored, read, and
supplied to the selecting unit 63.

Further, in the developing unit 62 of the vertical devel-
oping unit 22, four consecutive lines of the lower half of the
2K input image serving as the second 2K image are stored,
read, and supplied to the selecting unit 63.

The selecting unit 63 selects the four lines of the upper
half of the 2K input image received from the developing unit
61 as the first up-conversion line without any change, and
supplies the first up-conversion line to the up-converting
unit 23,.

Further, the selecting unit 63 selects the four lines of
lower half of the 2K input image received from the devel-
oping unit 62 as the second up-conversion line without any
change, and supplies the second up-conversion line to the
up-converting unit 23,.

Here, the up-converting unit 23, generates pixels of lines
(for example, lines of the 4K output image at the position
near a horizontal line equally dividing the four lines serving
as the first up-conversion line) of the upper half of the 4K
output image corresponding to the positions of the four lines
using the pixels of four lines of the upper half of the 2K input
image serving as the first up-conversion line received from
the selecting unit 63, and supplies the generated pixels to the
scan changing unit 24 as the first 4K image.
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Further, the up-converting unit 23, generates pixels of
lines of the lower half of the 4K output image corresponding
to four lines using pixels of four lines of the lower half of the
2K input image serving as the second up-conversion line
received from the selecting unit 63, and supplies the second
4K image to the scan changing unit 24.

Thus, when the scan method of the display device 13 is
the normal cross-in-square method or the spring cross-in-
square method, the first 4K image corresponds to the portion
(region) of the upper half of (frames of) the 4K output
image, and the second 4K image corresponds to the portion
of the lower half of the 4K output image.

FIG. 6 is a diagram for describing processing of the
vertical developing unit 22 (FIG. 4) when the scan method
of'the display device 13 (FIG. 1) is the single screen method
or the bamboo blind method.

When the scan method of the display device 13 is the
single screen method or the bamboo blind method, odd-
numbered lines of (frames of) the 2K input image are
supplied from the vertical developing unit 22 to the frame
memory unit 21 as the first 2K image, and even-numbered
lines of the 2K input image are supplied from the vertical
developing unit 22 to the frame memory unit 21 as the
second 2K image.

In the developing unit 61 of the vertical developing unit
22, four consecutive odd-numbered lines of the 2K input
image serving as the first 2K image are stored, read, and
supplied to the selecting unit 63.

Further, in the developing unit 62 of the vertical devel-
oping unit 22, four consecutive even-numbered lines of the
2K input image serving as the second 2K image are stored,
read, and supplied to the selecting unit 63.

Each of the four odd-numbered lines supplied from the
developing unit 61 to the selecting unit 63 and each of the
four even-numbered lines supplied from the developing unit
62 to the selecting unit 63 are lines adjacent to each other in
the original 2K input image.

The selecting unit 63 alternately arranges the four odd-
numbered lines of the 2K input image supplied from the
developing unit 61 and the four even-numbered lines of the
2K input image supplied from the developing unit 6, mixes
lines merging in the form of a comb, and reconstructs eight
lines of the original 2K input image.

Then, the selecting unit 63 selects four consecutive lines
used to generate pixels of odd-numbered lines correspond-
ing to the positions of pixels of odd-numbered lines of the
4K output image among eight lines of the original 2K input
image as the first up-conversion line, and supplies the first
up-conversion line to the up-converting unit 23,.

Further, the selecting unit 63 selects four consecutive
lines used to generate pixels of even-numbered lines corre-
sponding to the positions of pixels of even-numbered lines
of the 4K output image among eight lines of the original 2K
input image as the second up-conversion line, and supplies
the second up-conversion line to the up-converting unit 23,.

Here, the up-converting unit 23, generates pixels of
odd-numbered lines of the 4K output image corresponding
to the positions of the four lines using the pixels of the four
lines of the 2K input image serving as the first up-conversion
line supplied from the selecting unit 63, and supplies the
generated pixels to the scan changing unit 24 as the first 4K
image.

Further, the up-converting unit 23, generates pixels of
even-numbered lines of the 4K output image corresponding
to the positions of the four lines using the pixels of the four
lines of the 2K input image serving as the second up-
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conversion line supplied from the selecting unit 63, and
supplies the generated pixels to the scan changing unit 24 as
the second 4K image.

Thus, when the scan method of the display device 13 is
the single screen method or the bamboo blind method, the
first 4K image corresponds to the odd-numbered lines of
(frames of) the 4K output image, and the second 4K image
corresponds to the even-numbered lines of the 4K output
image.

Further, the order in which the pixels of the first 4K image
are supplied from the up-converting unit 23, to the scan
changing unit 24 matches the order in which the pixels
serving as the first 2K image are read from the frame
memory unit 21 described above with reference to FIG. 3.

Similarly, the order in which the pixels of the first 4K
image are supplied from the up-converting unit 23, to the
scan changing unit 24 matches the order in which the pixels
serving as the second 2K image are read from the frame
memory unit 21 described above with reference to FIG. 3.

Thus, when the scan method of the display device 13 is
the normal cross-in-square method, the single screen
method, or the bamboo blind method, the pixels of the first
4K image are supplied from the up-converting unit 23, to the
scan changing unit 24 according to the sequence of the lower
right direction scan.

Further, when the scan method of the display device 13 is
the spring cross-in-square method, the pixels of the first 4K
image are supplied from the up-converting unit 23, to the
scan changing unit 24 according to the sequence of the upper
right direction scan.

Meanwhile, the supply of the pixels of the second 4K
image from the up-converting unit 23, to the scan changing
unit 24 is performed according to the sequence of the lower
right direction scan (regardless of the scan method of the
display device 13).

FIG. 7 is a block diagram illustrating an exemplary
configuration of the scan changing unit 24 of FIG. 1.

The scan changing unit 24 includes a plurality of memory
blocks each of which includes a plurality of line memories.
The scan changing unit 24 performs reading and writing of
the first 4K image received from the up-converting unit 23,
and the second 4K image received from the up-converting
unit 23, on the memory blocks, generates the 4K output
image supported by the scan method of the display device
13, and supplies the generated 4K output image to the
display device 13.

In other words, referring to FIG. 7, the scan changing unit
24 includes four memory blocks, that is, memory blocks 71
and 72 and memory blocks 81 and 82.

The memory block 71 includes four line memories 71,,
71,, 715, and 71,, and the memory block 72 includes four
line memories 72,, 72,, 725, and 72,.

The memory block 81 includes four line memories 81,,
81,, 81, and 81,, and the memory block 82 includes four
line memories 82, 82,, 82;, and 82,.

The line memory 71, has the memory capacity capable of
storing a %4 line of the 4K output image. The remaining line
memories 71, to 71,, 72, to 72,, 81, to 81,, and 82, to 82,
are similar as well.

The memory block 71 writes one line of the first 4K image
supplied from the scan changing unit 24 in the line memory
71, to 71,, and reads one line of the first 4K image in a
certain order decided according to the scan method of the
display device 13 (FIG. 1).

Similarly, the memory block 72 sequentially writes one
line of the first 4K image supplied from the scan changing
unit 24 in the line memory 72, to 72, and reads one line of
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the first 4K image in a certain order decided according to the
scan method of the display device 13.

The memory block 81 sequentially writes one line of the
second 4K image supplied from the scan changing unit 24 in
the line memory 81, to 81, and reads one line of the second
4K image in a certain order decided according to the scan
method of the display device 13.

Similarly, the memory block 82 writes one line of the
second 4K image supplied from the scan changing unit 24 in
the line memory 82, to 82, and reads one line of the second
4K image in a certain order decided according to the scan
method of the display device 13.

In the memory block 71 and the memory block 72, when
writing is performed on one of the memory block 71 and 72,
reading is performed on the other.

In other words, in the memory block 71 and the memory
block 72, when a certain one line of the first 4K image
supplied from the scan changing unit 24 is written in one of
the memory blocks 71 and 72, one line of the first 4K image
that is previously written is read from the other.

Similarly, in the memory block 81 and the memory block
82, when writing is performed on one of the memory blocks
81 and 82, reading is performed on the other.

The reading and writing process on the four memory
blocks 71, 72, 81, and 82 of the scan changing unit 24 will
be described with reference to FIGS. 8, 9, 10, and 11.

In FIG. 8 to FIG. 11, the scan changing unit 24 is assumed
to be in the state in which writing is performed on the
memory blocks 71 and 81, and reading is performed on the
memory blocks 72 and 82.

As illustrated in FIGS. 8 to 11, regardless of the scan
method of the display device 13, the memory block 71
sequentially writes one line of the first 4K image supplied
from the scan changing unit 24 in the line memories 71, to
71, in the supplied order (the order of the line memories 71,,
71,, 715, and 71,).

Similarly, regardless of the scan method of the display
device 13, the memory block 81 sequentially writes one line
of the second 4K image supplied from the scan changing
unit 24 in the line memories 81, to 81, in the supplied order.

Meanwhile, pixels of one line (of the 4K image) written
in the memory blocks 72 and 82 are read in a certain order
decided according to the scan method of the display device
13.

FIG. 8 is a diagram illustrating a sequence of reading
pixels of one line from the memory blocks 72 and 82 when
the scan method of the display device 13 is the normal
cross-in-square method.

When the scan method of the display device 13 is the
normal cross-in-square method, (pixel values of) two pixels
of the first 4K image are read from the memory block 72 in
parallel as indicated by arrows R11 and R12.

In other words, in the memory block 72, pixels of a 2 line
of the first 4K image are sequentially read from the line
memories 72, and 72, in the same order as the writing order
as indicated by the arrow R11.

At the same time, in the memory block 72, pixels of a 12
line of the first 4K image are sequentially read from the line
memories 725 and 72, in the same order as the writing order
as indicated by the arrow R12.

Meanwhile, two pixels of the second 4K image are read
from the memory block 82 in parallel as indicated by arrows
R13 and R14.

In other words, in the memory block 82, pixels of a 2 line
of the second 4K image are sequentially read from the line
memories 82, and 82, in the same order as the writing order
as indicated by the arrow R13.
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At the same time, in the memory block 82, pixels of a 14
line of the second 4K image are sequentially read from the
line memories 825 and 82, in the same order as the writing
order as indicated by the arrow R14.

Here, when the scan method of the display device 13 is the
normal cross-in-square method, the first 4K image corre-
sponds to the upper half of (frames of) the 4K output image,
and the second 4K image corresponds to the lower half of
the 4K output image as described above with reference to
FIG. 5.

An image (the left half of the first 4K image) configured
with the pixels of the first 4K image sequentially read from
the memory block 72 in the order indicated by the arrow R11
is supplied to the display device 13 as a Y4 portion that is the
upper left portion of the 4K output image (an upper left
portion when the 4K output image is equally divided in the
horizontal direction and the vertical direction).

In the display device 13, the image configured with the
pixels of the first 4K image sequentially read from the
memory block 72 in the order indicated by the arrow R11 is
displayed on the small display screen 41 (FIG. 2) which is
the upper left portion of the display screen 40 according to
the lower right direction scan.

An image (the right half of the first 4K image) configured
with the pixels of the first 4K image sequentially read from
the memory block 72 in the order indicated by the arrow R12
is supplied to the display device 13 as a Y4 portion that is the
upper right portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the first 4K image sequentially read from the
memory block 72 in the order indicated by the arrow R12 is
displayed on the small display screen 42 (FIG. 2) which is
the upper right portion of the display screen 40 according to
the lower right direction scan.

An image (the left half of the second 4K image) config-
ured with the pixels of the second 4K image sequentially
read from the memory block 82 in the order indicated by the
arrow R13 is supplied to the display device 13 as a V4 portion
that is the lower left portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the second 4K image sequentially read from the
memory block 82 in the order indicated by the arrow R13 is
displayed on the small display screen 43 (FIG. 2) which is
the lower left portion of the display screen 40 according to
the lower right direction scan.

An image (the right half of the first 4K image) configured
with the pixels of the second 4K image sequentially read
from the memory block 82 in the order indicated by the
arrow R14 is supplied to the display device 13 as a V4 portion
that is the lower right portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the second 4K image sequentially read from the
memory block 82 in the order indicated by the arrow R14 is
displayed on the small display screen 44 (FIG. 2) which is
the lower right portion of the display screen 40 according to
the lower right direction scan.

As a result, the display device 13 displays the 4K output
image according to the normal cross-in-square method.

FIG. 9 is a diagram illustrating a sequence of reading
pixels of one line from the memory blocks 72 and 82 when
the scan method of the display device 13 is the spring
cross-in-square method.

When the scan method of the display device 13 is the
spring cross-in-square method, two pixels of the first 4K
image are read from the memory block 72 in parallel as
indicated by arrows R21 and R22.
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In other words, in the memory block 72, pixels of a 2 line
of the first 4K image are sequentially read from the line
memories 72, and 72, in the reverse order to the writing
order as indicated by the arrow R21.

At the same time, in the memory block 72, pixels of a 12
line of the first 4K image are sequentially read from the line
memory 725 and 72, in the same order as the writing order
as indicated by the arrow R22.

Meanwhile, two pixels of the second 4K image are read
from the memory block 82 in parallel as indicated by arrows
R23 and R24.

In other words, in the memory block 82, pixels of a 2 line
of the second 4K image are sequentially read from the line
memories 82, and 82, in the reverse order to the writing
order as indicated by the arrow R23.

At the same time, in the memory block 82, pixels of a 12
line of the second 4K image are sequentially read from the
line memory 82; and 82, in the same order as the writing
order as indicated by the arrow R24.

Here, when the scan method of the display device 13 is the
spring cross-in-square method, the first 4K image corre-
sponds to the upper half of (frames of) the 4K output image,
and the second 4K image corresponds to the lower half of
the 4K output image.

An image (the left half of the first 4K image) configured
with the pixels of the first 4K image sequentially read from
the memory block 72 in the order indicated by the arrow R21
is supplied to the display device 13 as a Y4 portion that is the
upper left portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the first 4K image sequentially read from the
memory block 72 in the order indicated by the arrow R21 is
displayed on the small display screen 41 (FIG. 2) which is
the upper left portion of the display screen 40 according to
the upper left direction scan.

An image (the right half of the first 4K image) configured
with the pixels of the first 4K image sequentially read from
the memory block 72 in the order indicated by the arrow R22
is supplied to the display device 13 as a Y4 portion that is the
upper right portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the first 4K image sequentially read from the
memory block 72 in the order indicated by the arrow R22 is
displayed on the small display screen 42 (FIG. 2) which is
the upper right portion of the display screen 40 according to
the upper right direction scan.

An image (the left half of the second 4K image) config-
ured with the pixels of the second 4K image sequentially
read from the memory block 82 in the order indicated by the
arrow R23 is supplied to the display device 13 as a V4 portion
that is the lower left portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the second 4K image sequentially read from the
memory block 82 in the order indicated by the arrow R23 is
displayed on the small display screen 43 (FIG. 2) which is
the lower left portion of the display screen 40 according to
the lower left direction scan.

An image (the right half of the first 4K image) configured
with the pixels of the second 4K image sequentially read
from the memory block 82 in the order indicated by the
arrow R24 is supplied to the display device 13 as a V4 portion
that is the lower right portion of the 4K output image.

In the display device 13, the image configured with the
pixels of the second 4K image sequentially read from the
memory block 82 in the order indicated by the arrow R24 is
displayed on the small display screen 44 (FIG. 2) which is
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the lower right portion of the display screen 40 according to
the lower right direction scan.

As a result, the display device 13 displays the 4K output
image according to the spring cross-in-square method.

Here, reading in which two pixels of the first 4K image are
read from the memory block 72 (and 71) in parallel, and two
pixels of the second 4K image are read from the memory
block 82 (and 81) in parallel as described above with
reference to FIGS. 8 and 9 is hereinafter referred to as
“two-divisional reading” as well.

FIG. 10 is a diagram illustrating a sequence of reading
pixels of one line from the memory blocks 72 and 82 when
the scan method of the display device 13 is the bamboo blind
method.

When the scan method of the display device 13 is the
bamboo blind method, four pixels of the first 4K image are
read from the memory block 72 in parallel as indicated by
arrows R31, R32, R33, and R32.

In other words, in the memory block 72, pixels of a V4 line
of the first 4K image are sequentially read from the line
memory 72, in the same order as the writing order as
indicated by the arrow R31.

At the same time, in the memory block 72, pixels of a Y4
line of the first 4K image are sequentially read from each of
the line memories 72, to 72, in the same order as the writing
order as indicated by the arrows R32 to 34.

Meanwhile, in the memory block 82, four pixels of the
second 4K image are read from the memory block 82 in
parallel as indicated by arrows R35, R36, R37, and R38.

In other words, in the memory block 82, pixels of a V4 line
of the second 4K image are sequentially read from the line
memory 82, in the same order as the writing order as
indicated by the arrow R35.

At the same time, in the memory block 72, pixels of a Y4
line of the second 4K image are sequentially read from each
of the line memories 82, to 82, in the same order as the
writing order as indicated by the arrows R36 to R38.

Here, when the scan method of the display device 13 is the
bamboo blind method, the first 4K image corresponds to the
odd-numbered lines of (frames of) the 4K output image, and
the second 4K image corresponds to the even-numbered
lines of the 4K output image.

The pixels of the %4 line read from the memory block 72
and the pixels of the %4 line read from the memory block 82
are supplied to the display device 13 in the corresponding
order.

In other words, pixels of first Y4 lines (from the left) of the
first 4K image (pixels from the leftmost position to the
position of the % line in the first 4K image) read from the
memory block 72 in the order indicated by the arrow R31 are
supplied to the display device 13 as pixels of first %4 lines of
odd-numbered lines of the 4K output image.

Further, pixels of first %4 lines of the second 4K image
(pixels from the leftmost position to the position of the Y4
line in the second 4K image) read from the memory block
82 in the order indicated by the arrow R35 are supplied to
the display device 13 as pixels of first Y4 lines of even-
numbered lines of the 4K output image.

In the display device 13, the pixels of the first V4 line of
the first 4K image (pixels from the leftmost position to the
position of the % line in the odd-numbered lines of the 4K
output image) read from the memory block 72 in the order
indicated by the arrow R31 and the pixels of the first Y4 line
of'the second 4K image (pixels from the leftmost position to
the position of the %4 line in the even-numbered lines of the
4K output image) read from the memory block 82 in the
order indicated by the arrow R35 are displayed on the first
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small display screen 51 (FIG. 2) (from the left) of the display
screen 40 in the corresponding order.

Pixels of second Y4 lines of the first 4K image (pixels from
the position of the %4 line to the position of a ' line in the
first 4K image) read from the memory block 72 in the order
indicated by the arrow R32 are supplied to the display device
13 as pixels of second %4 lines of odd-numbered lines of the
4K output image.

Further, pixels of second 4 lines of the second 4K image
(pixels from the position of the V4 line to the position of the
14 line in the second 4K image) read from the memory block
82 in the order indicated by the arrow R36 are supplied to
the display device 13 as pixels of second Y4 lines of
even-numbered lines of the 4K output image.

In the display device 13, the pixels of the second Y4 lines
of the first 4K image (pixels from the position of the ¥4 line
to the position of the %% line in the odd-numbered lines of the
4K output image) read from the memory block 72 in the
order indicated by the arrow R32 and the pixels of the
second %4 lines of the second 4K image (pixels from the
position of the %4 line to the position of the V2 line in the
even-numbered lines of the 4K output image) read from the
memory block 82 in the order indicated by the arrow R36 are
displayed on the second small display screen 52 (FIG. 2) of
the display screen 40 in the corresponding order.

Pixels of third %4 lines of the first 4K image (pixels from
the position of the % line to the position of a % line in the
first 4K image) read from the memory block 72 in the order
indicated by the arrow R33 are supplied to the display device
13 as pixels of third ¥4 lines of odd-numbered lines of the 4K
output image.

Further, pixels of third % lines of the second 4K image
(pixels from the position of the V% line to the position of the
¥4 line in the second 4K image) read from the memory block
82 in the order indicated by the arrow R37 are supplied to
the display device 13 as pixels of third % lines of even-
numbered lines of the 4K output image.

In the display device 13, the pixels of the third V4 lines of
the first 4K image (pixels from the position of the V% line to
the position of the % line in the odd-numbered lines of the
4K output image) read from the memory block 72 in the
order indicated by the arrow R33 and the pixels of the third
V4 lines of the second 4K image (pixels from the position of
the % line to the position of the %4 line in the even-numbered
lines of the 4K output image) read from the memory block
82 in the order indicated by the arrow R37 are displayed on
the third small display screen 53 (FIG. 2) of the display
screen 40 in the corresponding order.

Pixels of fourth %4 lines of the first 4K image (pixels from
the position of the ¥ line to the rightmost position in the first
4K image) read from the memory block 72 in the order
indicated by the arrow R34 are supplied to the display device
13 as pixels of fourth % lines of odd-numbered lines of the
4K output image.

Further, pixels of fourth V4 lines of the second 4K image
(pixels from the position of the 34 line to the rightmost
position in the second 4K image) read from the memory
block 82 in the order indicated by the arrow R38 are
supplied to the display device 13 as pixels of fourth %4 lines
of even-numbered lines of the 4K output image.

In the display device 13, the pixels of the fourth V4 lines
of the first 4K image (pixels from the position of the 34 line
to the rightmost position in the odd-numbered lines of the
4K output image) read from the memory block 72 in the
order indicated by the arrow R34 and the pixels of the fourth
V4 lines of the second 4K image (pixels from the position of
the % line to the rightmost position in the even-numbered

10

15

20

25

30

35

40

45

50

55

60

65

18

lines of the 4K output image) read from the memory block
82 in the order indicated by the arrow R38 are displayed on
the fourth small display screen 54 (FIG. 2) of the display
screen 40 in the corresponding order.

As a result, the display device 13 displays the 4K output
image according to the bamboo blind method.

Here, reading in which the four pixels of the first 4K
image are read from the memory block 72 in parallel, and the
four pixels of the second 4K image are read from the
memory block 82 in parallel as described above with refer-
ence to FIG. 10 is hereinafter referred to as “four-divisional
reading” as well.

FIG. 11 is a diagram illustrating a sequence of reading
pixels of one line from the memory blocks 72 and 82 when
the scan method of the display device 13 is the single screen
method.

When the scan method of the display device 13 is the
single screen method, in the memory block 72, pixels of one
line of the first 4K image are sequentially read from the line
memories 72, to 72, in the same order as the writing order
as indicated by an arrow R41.

At the same time as the reading of the memory block 72,
in the memory block 82, pixels of one line of the second 4K
image are sequentially read from the line memories 82, to
82, in the same order as the writing order as indicated by an
arrow R42.

Here, when the scan method of the display device 13 is the
single screen method, the first 4K image corresponds to the
odd-numbered lines of (frames of) the 4K output image, and
the second 4K image corresponds to the even-numbered
lines of the 4K output image.

The pixels of one line supplied from the memory block 72
and the pixels of one line supplied from the memory block
82 are supplied to the display device 13 in the corresponding
order.

In other words, (pixels of) one line of the first 4K image
read from the memory block 72 in the order indicated by the
arrow R41 is supplied to the display device 13 as (pixels of)
the odd-numbered line of the 4K output image.

Further, (pixels of) one line of the second 4K image read
from the memory block 82 in the order indicated by the
arrow R42 is supplied to the display device 13 as (pixels of)
the even-numbered line of the 4K output image.

In the display device 13, one line of the first 4K image
read from the memory block 72 in the order indicated by the
arrow R41 and one line of the second 4K image read from
the memory block 82 in the order indicated by the arrow R42
are displayed on the display screen 40 (FIG. 2) in the
corresponding order.

As a result, the display device 13 displays the 4K output
image according to the single screen method.

Here, reading in which one line of the first 4K image is
sequentially read from the memory block 72, and one line of
the second 4K image is sequentially read from the memory
block 82 as described above with reference to FIG. 11 is
hereinafter referred to as “sequential reading” as well.

As described above, according to the image processing
unit 12 of FIG. 1, the resolution conversion corresponding to
the scan method can be performed regardless of which of the
normal cross-in-square method, the spring cross-in-square
method, the bamboo blind method, and the single screen
method is employed as the scan method of the display device
13.

Thus, since it is unnecessary to separately prepare a
resolution converting device having a configuration corre-
sponding to a corresponding scan method for each scan
method of the display device 13, the resolution conversion
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can be performed at the low cost regardless of the scan
method of the display device 13.

<Resolution Conversion when 2K Input Image is 3D
Image>

The resolution conversion when the 2K input image is the
2D image has been described above, and resolution conver-
sion when the 2K input image is a 3D image will be
described below.

FIG. 12 is a diagram for describing up conversion of a 3D
image.

Here, as a (transmission) method of a 3D image, there are
a line-by-line method, a top- and bottom method, and a
frame sequential method.

In the line-by-line method, lines (L-side lines) of an L
(left) side image viewed by a left eye are arranged as one of
odd-numbered lines and even-numbered lines of an image
corresponding to one screen, for example, odd-numbered
lines, and lines (R-side lines) of an R (right) side image
viewed by a right eye are arranged as even-numbered lines
that are the other lines.

In the top- and bottom method, lines of an [-side image
are arranged in one of (regions of) the upper half and the
lower half of an image corresponding to one screen, for
example, the upper half, and lines of an R-side image are
arranged in the other, that is, the lower half.

In the frame sequential method, a screen (frame) of an
L-side image and a screen of an R-side image are alternately
arranged in units of frames.

FIGS. 12A to 12C illustrate images obtained by up-
converting a 3D image by the up-converting unit 23, of FIG.
1 when the 2K input image is, for example, the 3D image
having the resolution of 2K.

In other words, FIG. 12A illustrates an up-conversion
result obtained by up-converting a 3D image by the up-
converting unit 23, when the 2K input image is the 3D image
of the line-by-line method.

When the 3D image of the line-by-line method is up-
converted by the up-converting unit 23, without any change,
an image obtained as a result of up conversion is an image
in which lines of (or strongly influenced by) an L-side image
of an original 3D image and lines of (or strongly influenced
by) an R-side image are arranged by two lines instead of the
3D image of the line-by-line method.

FIG. 12B shows an up-conversion result obtained by
up-converting a 3D image by the up-converting unit 23,
when the 2K input image is the 3D image of the top- and
bottom method.

When the 3D image of the top- and bottom method is
up-converted by the up-converting unit 23, without any
change, an image obtained as a result of up conversion is an
image in which (lines of) an L-side image is arranged in the
upper half, and an R-side image is arranged in the lower half,
that is, the 3D image of the top- and bottom method.

FIG. 12C shows an up-conversion result obtained by
up-converting a 3D image by the up-converting unit 23,
when the 2K input image is the 3D image of the frame
sequential method.

When the 3D image of the frame sequential method is
up-converted by the up-converting unit 23, without any
change, an image obtained as a result of up conversion is an
image in which (frames of) of an [.-side image and an R-side
image are alternately arranged, that is, the 3D image of the
frame sequential method.

Thus, when the display device 13 is, for example, the 4K
display device of the single screen method or the bamboo
blind method that employs a liquid crystal panel in which a
polarizing plate in which polarization characteristics of
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respective lines are different is disposed on a display screen
and is capable of displaying the 3D image of the line-by-line
method, if the 3D image is up-converted by the up-convert-
ing unit 23, without any change, it is difficult to obtain the
3D image of the line-by-line method, and it is difficult to
display the 3D image on the display device 13.

However, when a resolution converting device that per-
forms resolution conversion of converting a 3D image of
each method into a 3D image of the line-by-line method
having the higher resolution is prepared for each method of
the 3D image, the cost increases.

In this regard, the image processing unit 12 of FIG. 1 can
perform not only resolution conversion of converting the 2K
image of the 2D image into the 4K image of the 2D image
displayed according to the scan method such as the normal
cross-in-square method, the spring cross-in-square method,
the bamboo blind method, or the single screen method, but
also resolution conversion of converting the 2K image of the
3D image of the line-by-line method, the top- and bottom
method, or the frame sequential method into the 4K image
of the 3D image of the line-by-line method.

FIG. 13 is a diagram for describing a resolution conver-
sion process performed by the image processing unit 12
when the 2K input image is the 3D image of the line-by-line
method (the line-by-line 3D image).

When the 2K input image is the line-by-line 3D image,
the frame memory unit 21 performs the same process
(hereinafter referred to as a “single screen method process”
or a “bamboo blind method process” as well) as when the
scan method of the display device 13 is the single screen
method or the bamboo blind method.

In other words, as described above with reference to FIG.
3C, the frame memory unit 21 stores frames of the 2K input
image received from the image acquiring unit 11.

Then, the frame memory unit 21 reads pixels of odd-
numbered lines that are a part of the 2K input image
according to the sequence of the lower right direction scan,
and supplies the read pixels to the vertical developing unit
22 as the first 2K image.

Further, the frame memory unit 21 reads pixels of even-
numbered lines that are the remaining part of the 2K input
image according to the sequence of the lower right direction
scan, and supplies the read pixels to the vertical developing
unit 22 as the second 2K image.

Thus, when the 2K input image is the line-by-line 3D
image, the odd-numbered lines of the line-by-line 3D image,
that is, the lines of the L-side image, are supplied from the
frame memory unit 21 to the vertical developing unit 22 as
the first 2K image. Further, the even-numbered lines of the
line-by-line 3D image, that is, the lines of the R-side image,
are supplied from the frame memory unit 21 to the vertical
developing unit 22 as the second 2K image.

When the 2K input image is the line-by-line 3D image,
the vertical developing unit 22 performs the same process
(hereinafter referred to as a “normal cross-in-square method
process” or a “spring cross-in-square method process™ as
well) as when the scan method of the display device 13 is the
normal cross-in-square method or the spring cross-in-square
method.

In other words, as described above with reference to FIG.
5, the vertical developing unit 22 selects four consecutive
lines of the first 2K image as the first up-conversion line, and
supplies the first up-conversion line to the up-converting
unit 23,.

Further, the vertical developing unit 22 selects four con-
secutive lines of the second 2K image as the second up-
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conversion line, and supplies the second up-conversion line
to the up-converting unit 23,.

Thus, when the 2K input image is the line-by-line 3D
image, the vertical developing unit 22 selects four consecu-
tive lines of the L-side image serving as the first 2K image
as the first up-conversion line, and supplies the first up-
conversion line to the up-converting unit 23,.

Further, the vertical developing unit 22 selects four con-
secutive lines of the R-side image serving as the second 2K
image as the second up-conversion line, and supplies the
second up-conversion line to the up-converting unit 23,.

The up-converting unit 23, generates pixels of the odd-
numbered lines of the line-by-line 3D image serving as the
4K output image corresponding to the position of four
corresponding lines, that is, pixels of the L-side image (of
the 3D image serving as the 4K output image) using pixels
of four lines of the L-side image serving as the first up-
conversion line received from the vertical developing unit
22, and supplies the generated pixels to the scan changing
unit 24 as the first 4K image.

Further, the up-converting unit 23, generates pixels of the
even-numbered lines of the line-by-line 3D image serving as
the 4K output image corresponding to the position of four
corresponding lines, that is, pixels of the R-side image (of
the 3D image serving as the 4K output image) using pixels
of four lines of the R-side image serving as the second
up-conversion line received from the vertical developing
unit 22, and supplies the generated pixels to the scan
changing unit 24 as the second 4K image.

When the 2K input image is the line-by-line 3D image,
the scan changing unit 24 performs the single screen method
process or the bamboo blind method process which is the
same process as when the scan method of the display device
13 is the single screen method or the bamboo blind method.

Here, when the scan method of the display device 13 is the
single screen method or the bamboo blind method, as
described above with reference to FIGS. 8 to 11, the scan
changing unit 24 writes one line of the first 4K image in the
memory block 71 or 72 and writes one line of the second 4K
image in the memory block 81 or 82.

Further, the scan changing unit 24 sequentially reads
(reads in units of four pixels in parallel) pixels of one line of
the first 4K image from the memory block 71 or 72 accord-
ing to the sequential reading described with reference to
FIG. 11 (or the four-divisional reading described with ref-
erence to FIG. 10), and supplies the read pixels to the display
device 13.

Further, the scan changing unit 24 sequentially reads
(reads in units of four pixels in parallel) pixels of one line of
the second 4K image from the memory block 81 or 82
according to the sequential reading described with reference
to FIG. 11 (or the four-divisional reading described with
reference to FIG. 10), and supplies the pixels of one line of
the second 4K image read from the memory block 81 or 82
to the display device 13 after supplying the pixels of one line
of the first 4K image read from the memory block 71 or 72
to the display device 13.

When the 2K input image is the line-by-line 3D image, as
described above, the first 4K image corresponds to the
L-side image, and the second 4K image corresponds to the
R-side image, and thus the line-by-line 3D image is supplied
from the scan changing unit 24 to the display device 13 as
the 4K output image.

FIG. 14 is a diagram for describing a resolution conver-
sion process performed by the image processing unit 12
when the 2K input image is the 3D image of the top- and
bottom method (the top- and bottom 3D image).
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When the 2K input image is the top- and bottom 3D
image, the frame memory unit 21 performs the normal
cross-in-square method process (or the spring cross-in-
square method process) which is the same process as when
the scan method of the display device 13 is the normal
cross-in-square method.

In other words, as described above with reference to FIG.
3 A, the frame memory unit 21 stores frames of the 2K input
image received from the image acquiring unit 11.

Then, the frame memory unit 21 reads pixels of the upper
half that are a part of the 2K input image according to the
sequence of the lower right direction scan, and supplies the
read pixels to the vertical developing unit 22 as the first 2K
image.

Further, the frame memory unit 21 reads pixels of the
lower half that are the remaining part of the 2K input image
according to the sequence of the lower right direction scan,
and supplies the read pixels to the vertical developing unit
22 as the second 2K image.

Thus, when the 2K input image is the top- and bottom 3D
image, the upper half of the top- and bottom 3D image, that
is, the lines of the L-side image, is supplied from the frame
memory unit 21 to the vertical developing unit 22 as the first
2K image. Further, the lower half of the top- and bottom 3D
image, that is, the lines of the R-side image, is supplied from
the frame memory unit 21 to the vertical developing unit 22
as the second 2K image.

When the 2K input image is the top- and bottom 3D
image, the vertical developing unit 22, the up-converting
unit 23, and 23,, and the scan changing unit 24 perform the
same process when the 2K input image is the line-by-line 3D
image which is described above with reference to FIG. 13.

Here, when the 2K input image is the top- and bottom 3D
image, similarly to when the 2K input image is the line-by-
line 3D image which is described above with reference to
FIG. 13, the lines of the L-side image are supplied from the
frame memory unit 21 to the vertical developing unit 22 as
the first 2K image, and the lines of the R-side image from the
frame memory unit 21 to the vertical developing unit 22 as
the second 2K image.

Thus, the vertical developing unit 22, the up-converting
units 23, and 23,, and the scan changing unit 24 perform the
same process when the 2K input image is the line-by-line 3D
image which is described above with reference to FIG. 13,
and thus the line-by-line 3D image is supplied from the scan
changing unit 24 to the display device 13 as the 4K output
image similarly to FIG. 13.

FIG. 15 is a diagram for describing a resolution conver-
sion process performed by the image processing unit 12
when the 2K input image is the 3D image of the frame
sequential method (frame sequential 3D image).

Further, when the 2K input image is the frame sequential
3D image, the frame memory unit 21 is assumed to have the
memory capacity of two or more frames.

When the 2K input image is the frame sequential 3D
image, the frame memory unit 21 stores frames of the frame
sequential 3D image serving as the 2K input image supplied
from the image acquiring unit 11.

Here, the frame memory unit 21 is assumed to have the
memory capacity of two or more frames as described above,
and the frame memory unit 21 stores two or more frames of
the frame sequential 3D image in which (frames of) the
L-side image and (frames of) of the R-side image are
alternately arranged.

Further, when the latest frame is supplied, the frame
memory unit 21 erases the oldest frame and stores the latest
frame as in first in first out (FIFO).
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When the 2K input image is the frame sequential 3D
image, the frame memory unit 21 reads pixels of all frames
of the L-side image according to the sequence of the lower
right direction scan, and supplies the read pixels to the
vertical developing unit 22 as the first 2K image.

Further, the frame memory unit 21 reads pixels of all
frames of the R-side image according to the sequence of the
lower right direction scan, and supplies the read pixels to the
vertical developing unit 22 as the second 2K image.

Thus, when the 2K input image is the frame sequential 3D
image, the frames of the L-side image of the frame sequen-
tial 3D image are supplied from the frame memory unit 21
to the vertical developing unit 22 as the first 2K image.
Further, the frames of the R-side image of the frame sequen-
tial 3D image are supplied from the frame memory unit 21
to the vertical developing unit 22 as the second 2K image.

When the 2K input image is the frame sequential 3D
image, the vertical developing unit 22, the up-converting
units 23, and 23,, and the scan changing unit 24 perform the
same process as when the 2K input image is the line-by-line
3D image which is described above with reference to FIG.
13.

Here, when the 2K input image is the frame sequential 3D
image, similarly to when the 2K input image is the line-by-
line 3D image which is described above with reference to
FIG. 13, (lines of) the frames of the L-side image are
supplied from the frame memory unit 21 to the vertical
developing unit 22 as the first 2K image, and (lines of) the
frames of the R-side image are supplied from the frame
memory unit 21 to the vertical developing unit 22 as the
second 2K image.

Thus, the vertical developing unit 22, the up-converting
units 23, and 23,, and the scan changing unit 24 perform the
same process as when the 2K input image is the line-by-line
3D image which is described above with reference to FIG.
13, and thus the line-by-line 3D image is supplied from the
scan changing unit 24 to the display device 13 as the 4K
output image similarly to FIG. 13.

Further, in the resolution conversion of converting the 2K
input image into the 4K output image, up conversion of
doubling the number of pixels in both the horizontal and
vertical directions in the first and second 2K image is
performed on the 2D image and the 3D image of the method
other than the frame sequential method through the up-
converting units 23, and 23,, but up conversion of doubling
the number of pixels only in the horizontal direction is
performed on the frame sequential 3D image.

This is because the number of pixels in the vertical
direction in the first and second 2K images of the frame
sequential 3D image is twice the number of pixels in the
vertical direction in the first and second 2K images of the 2D
image and the 3D image of the method other than the frame
sequential method.

Further, for the 2D image and the 3D image of the method
other than the frame sequential method, in the frame
memory unit 21, the first and second 2K images are obtained
from one frame of the 2K input image, but for the frame
sequential 3D image, in the frame memory unit 21, only one
of'the first and second 2K images is obtained from one frame
of the 2K input image.

For this reason, for the frame sequential 3D image, the
frame memory unit 21 stores a plurality of frames, reads
pixels of all frames of the L-side image among the plurality
of frames as the first 2K image, and reads pixels of all frames
of the R-side image as the second 2K image.
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FIG. 16 is a diagram for describing storage content of the
frame memory unit 21 and the first and second 2K images
for the frame sequential 3D image.

Referring to FIG. 16, the frame memory unit 21 has the
memory capacity of four frames. Further, in FIG. 16, a frame
L#n of the L-side image and a frame R#n of the R-side
image are frames forming a pair in a 3D image.

Here, n represents a frame number that is an order of a
frame, and the frame L#n of the L-side image and the frame
R#n of the R-side image that form a pair in the 3D image
match each other.

As illustrated in FIG. 16, the frame memory unit 21 can
read the latest frame of the L-side image among frames of
the frame sequential 3D image stored in the frame memory
unit 21 as the first 2K image, and read the latest frame of the
R-side image as the second 2K image.

In this case, the frame number of the frame of the L-side
image serving as the first 2K image may not match the frame
number of the frame of the R-side image serving as the
second 2K image.

Further, as illustrated in FIG. 16, the frame memory unit
21 may read the frame of the L-side image and the frame of
the R-side image of the latest set among sets of the frame of
the L-side image and the frame of the R-side image that
match in the frame number among frames of the frame
sequential 3D image stored in the frame memory unit 21 as
the first 2K image and the second 2K image.

In this case, the frame number of the frame of the L-side
image serving as the first 2K image matches the frame
number of the frame of the R-side image serving as the
second 2K image.

FIG. 17 is a diagram for describing the operations of the
respective blocks configuring the image processing unit 12
of FIG. 1.

When the 2K input image is the 2D image and the scan
method of the display device 13 is the normal cross-in-
square method or the spring cross-in-square method, the
frame memory unit 21 stores the frame of the 2D image
serving as the 2K input image.

Then, the frame memory unit 21 reads the upper half and
the lower half of the frame of the 2D image serving as the
2K input image as the first 2K image and the second 2K
image.

Further, the vertical developing unit 22 independently
acquires the first up-conversion line and the second up-
conversion line from the respective lines of the first 2K
image and the second 2K image.

Further, the up-converting unit 23, performs up conver-
sion using the first up-conversion line, and generates the first
4K image including the upper half of the 4K output image.

Further, the up-converting unit 23, performs up conver-
sion using the second up-conversion line, and generates the
second 4K image including the lower half of the 4K output
image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
two-divisional reading described above with reference to
FIGS. 8 and 9, and generates the 2D image that is the 4K
output image of the normal cross-in-square method or the
spring cross-in-square method.

When the 2K input image is the 2D image and the scan
method of the display device 13 is the single screen method,
the frame memory unit 21 stores the frame of the 2D image
serving as the 2K input image.
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Then, the frame memory unit 21 reads the odd-numbered
lines and the even-numbered lines of the frame of the 2D
image serving as the 2K input image as the first 2K image
and the second 2K image.

Further, the vertical developing unit 22 mixes the respec-
tive lines of the first 2K image and the second 2K image as
described above with reference to FIG. 6, and acquires the
first up-conversion line and the second up-conversion line
from the mixed lines.

Further, the up-converting unit 23, performs up conver-
sion using the first up-conversion line, and generates the first
4K image including the odd-numbered lines of the 4K
output image.

Further, the up-converting unit 23, performs up conver-
sion using the second up-conversion line, and generates the
second 4K image including the even-numbered lines of the
4K output image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
sequential reading described above with reference to FIG.
11, and generates the 2D image that is the 4K output image
of the single screen method.

When the 2K input image is the 2D image and the scan
method of the display device 13 is the bamboo blind method,
the frame memory unit 21, the vertical developing unit 22,
the up-converting unit 23, and the up-converting unit 23,
perform the same process as when the 2K input image is the
2D image and the scan method of the display device 13 is the
single screen method, and generate the first 4K image
including the odd-numbered lines of the 4K output image
and the second 4K image including the even-numbered lines
of the 4K output image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
four-divisional reading described above with reference to
FIG. 10, and generates the 2D image that is the 4K output
image of the bamboo blind method.

When the 2K input image is the line-by-line 3D image,
the frame memory unit 21 stores the frame of the line-by-
line 3D image serving as the 2K input image. Further, the
odd-numbered lines and the even-numbered lines of the
line-by-line 3D image stored in the frame memory unit 21
are the L-side image and the R-side image.

The frame memory unit 21 reads the odd-numbered lines
and the even-numbered lines of the frame of the line-by-line
3D image serving as the 2K input image as the first 2K
image and the second 2K image.

Further, the vertical developing unit 22 independently
acquires the first up-conversion line and the second up-
conversion line from the respective lines of the first 2K
image and the second 2K image.

Further, the up-converting unit 23, performs up conver-
sion using the first up-conversion line, and generates the first
4K image including the odd-numbered lines of the 4K
output image.

Further, the up-converting unit 23, performs up conver-
sion using the second up-conversion line, and generates the
second 4K image including the even-numbered lines of the
4K output image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
four-divisional reading described above with reference to
FIG. 10 or the sequential reading described above with
reference to FIG. 11, and generates the line-by-line 3D
image that is the 4K output image.

When the 2K input image is the top- and bottom 3D
image, the frame memory unit 21 stores the frame of the top-
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and bottom 3D image serving as the 2K input image.
Further, the upper half and the lower half of the top- and
bottom 3D image stored in the frame memory unit 21 are the
L-side image and the R-side image.

The frame memory unit 21 reads the upper half and the
lower half of the frame of the top- and bottom 3D image
serving as the 2K input image as the first 2K image and the
second 2K image.

Further, the vertical developing unit 22 independently
acquires the first up-conversion line and the second up-
conversion line from the respective lines of the first 2K
image and the second 2K image.

Further, the up-converting unit 23, performs up conver-
sion using the first up-conversion line, and generates the first
4K image including the odd-numbered lines of the 4K
output image.

Further, the up-converting unit 23, performs up conver-
sion using the second up-conversion line, and generates the
second 4K image including the even-numbered lines of the
4K output image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
four-divisional reading described above with reference to
FIG. 10 or the sequential reading described above with
reference to FIG. 11, and generates the line-by-line 3D
image that is the 4K output image.

When the 2K input image is the frame sequential 3D
image, the frame memory unit 21 stores the frame of the
frame sequential 3D image serving as the 2K input image.
Further, the frame memory unit 21 alternately stores the
L-side image and the R-side image alternately arranged in
the frame sequential 3D image.

The frame memory unit 21 reads the frame of the L-side
image and the frame of the R-side image of the frame
sequential 3D image serving as the 2K input image as the
first 2K image and the second 2K image.

Further, the vertical developing unit 22 independently
acquires the first up-conversion line and the second up-
conversion line from the respective lines of the first 2K
image and the second 2K image.

Further, the up-converting unit 23, performs up conver-
sion using the first up-conversion line, and generates the first
4K image including the odd-numbered lines of the 4K
output image.

Further, the up-converting unit 23, performs up conver-
sion using the second up-conversion line, and generates the
second 4K image including the even-numbered lines of the
4K output image.

Then, the scan changing unit 24 writes the lines of the first
4K image and the lines of the second 4K image, performs the
four-divisional reading described above with reference to
FIG. 10 or the sequential reading described above with
reference to FIG. 11, and generates the line-by-line 3D
image that is the 4K output image.

As described above, according to the image processing
unit 12 of FIG. 1, it is possible to perform resolution
conversion of converting the 3D image having any of the
line-by-line method, the top- and bottom method, and the
frame sequential method into the 3D image of the line-by-
line method.

Thus, it is unnecessary to prepare a separate resolution
converting device for resolution conversion according to
each scan method of the display device 13 or according to
whether the resolution conversion target is the 2D image or
the 3D image, and thus it is possible to perform resolution
conversion of both a 2D image and a 3D image at a low cost.
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FIG. 18 is a flowchart for describing the resolution
conversion process performed by the image processing unit
12 of FIG. 1.

When the 2K input image is supplied from the image
acquiring unit 11 to the image processing unit 12, in step
S11, the frame memory unit 21 starts to store the 2K input
image received from the image acquiring unit 11, and the
process proceeds to step S12.

In step S12, the control unit 25 determines whether the 2K
input image stored in the frame memory unit 21 is a 2D
image or a 3D image.

Here, the determining of whether the 2K input image is a
2D image or a 3D image in step S12 may be performed, for
example, according to a designation by the user, an overhead
(side information) included in the 2K input image, or the
like.

When it is determined in step S12 that the 2K input image
is the 2D image, the process proceeds to step S13, the
control unit 25 recognizes the scan method of the display
device 13, and the process proceeds to step S14.

Here, the recognizing of the scan method of the display
device 13 in step S13 may be performed based on, for
example, a designation by the user, acquisition of scan
method information from the display device 13, or the like.

In step S14, the frame memory unit 21 or the scan
changing unit 24 performs the resolution conversion of the
2K input image according to the scan method of the display
device 13 as described above with reference to FIGS. 3 to 11
and supply the 2D image that is the 4K output image
obtained as a result to the display device 13, and the process
ends.

Meanwhile, when it is determined in step S12 that the 2K
input image is the 3D image, the process proceeds to step
S15, and the control unit 25 determines whether the display
device 13 is a display device that supports the line-by-line
3D image.

Here, the determining of whether the display device 13 is
a display device that supports the line-by-line 3D image in
step S15 may be performed based on, for example, a
designation by the user, acquisition of information from the
display device 13, or the like.

When it is determined in step S15 that the display device
13 is not a display device that supports the line-by-line 3D
image, the process ends.

Further, when it is determined in step S15 that the display
device 13 is a display device that supports the line-by-line
3D image, the frame memory unit 21 or the scan changing
unit 24 performs the resolution conversion of the 3D image
that is the 2K input image according to the method of the 3D
image that is the 2K input image as described above with
reference to FIGS. 13 to 15 and supply the line-by-line 3D
image that is the resultant 4K output image to the display
device 13, and the process ends.

FIG. 19 is a flowchart for describing a resolution conver-
sion process of a 3D image performed in step S16 of FIG.
18.

In step S21, the control unit 25 determines a method of the
3D image that is the 2K input image stored in the frame
memory unit 21.

Here, the determining of the method of the 3D image in
step S21 may be performed based on, for example, a
designation by the user, an overhead included in the 3D
image that is the 2K input image, or the like.

When it is determined in step S21 that the method of the
3D image that is the 2K input image stored in the frame
memory unit 21 is the line-by-line method, the process
proceeds to step S22. In step S22, the frame memory unit 21
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reads the odd-numbered lines and the even-numbered lines
of the frame of the line-by-line 3D image serving as the 2K
input image as the first 2K image and the second 2K image
and supplies the first 2K image and the second 2K image to
the vertical developing unit 22, and then the process pro-
ceeds to step S25.

In step S25, the vertical developing unit 22 independently
acquires the first up-conversion line and the second up-
conversion line from the respective lines of the first 2K
image and the second 2K image received from the frame
memory unit 21. Then, the vertical developing unit 22
supplies the first up-conversion line to the up-converting
unit 23, and supplies the second up-conversion line to the
up-converting unit 23,, and the process proceeds from step
S25 to step S26.

In step S26, the up-converting unit 23, performs up
conversion for generating pixels of the 4K output image
using the first up-conversion line received from the vertical
developing unit 22, generates the first 4K image including
the odd-numbered lines of the 4K output image, and supplies
the first 4K image including the odd-numbered lines of the
4K output image to the scan changing unit 24.

Further, in step S26, the up-converting unit 23, performs
up conversion for generating pixels of the 4K output image
using the second up-conversion line received from the
vertical developing unit 22, generates the first 4K image
including the even-numbered lines of the 4K output image,
and supplies the first 4K image including the even-numbered
lines of the 4K output image to the scan changing unit 24.

Then, the process proceeds from step S26 to step S27. In
step S27, the scan changing unit 24 writes the lines of the
first 4K image received from the up-converting unit 23, and
the lines of the second 4K image received from the up-
converting unit 23,, performs the four-divisional reading
described above with reference to FIG. 10 or the sequential
reading described above with reference to FIG. 11, generates
the line-by-line 3D image that is the 4K output image in
which the lines of the first 4K image and the lines of the
second 4K image are alternately arranged, and supplies the
line-by-line 3D image to the display device, and then the
process returns.

Meanwhile, when it is determined in step S21 that the
method of the 3D image that is the 2K input image stored in
the frame memory unit 21 is the top- and bottom method, the
process proceeds to step S23. In step S23, the frame memory
unit 21 reads the upper half and the lower half of the frame
of the top- and bottom 3D image serving as the 2K input
image as the first 2K image and the second 2K image.

Further, in step S23, the frame memory unit 21 supplies
the first 2K image and the second 2K image to the vertical
developing unit 22, and the process proceeds to step S25.
Then, the above-described process of steps S25 to S27 is
performed.

Further, when it is determined in step S21 that the method
of the 3D image that is the 2K input image stored in the
frame memory unit 21 is the frame sequential method, the
process proceeds to step S24. In step S24, the frame memory
unit 21 reads the frame of the .-side image and the frame of
the R-side image of the frame sequential 3D image serving
as the 2K input image as the first 2K image and the second
2K image.

Further, in step S24, the frame memory unit 21 supplies
the first 2K image and the second 2K image to the vertical
developing unit 22, and the process proceeds to step S25.
Then, the above-described process of steps S25 to S27 is
performed.
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[Description of Computer to which Present Technology is
Applied]

A series of processes described above may be imple-
mented by hardware or software. When the series of pro-
cesses is implemented by software, a program configuring
the software is installed in a general-purpose computer or
the like.

FIG. 20 illustrates an exemplary configuration of an
embodiment of a computer in which a program for executing
the series of processes described above is installed.

The program may be recorded in a hard disk 105 or a
ROM 103 which is a recording medium equipped in the
computer in advance.

Alternatively, the program may be stored (recorded) in a
removable recording medium 111. The removable recording
medium 111 may be provided as so-called package software.
Here, examples of the removable recording medium 111
include a flexible disk, a compact disc read only memory
(CD-ROM), a magneto optical (MO) disc, a digital versatile
disc (DVD), a magnetic disk, and a semiconductor memory.

Further, the program may be installed in the computer
from the removable recording medium 111 or may be
downloaded to the computer via a communication network
or a broadcast network and then installed in the built-in hard
disk 105. In other words, the program may be wirelessly
transmitted from a download site to the computer via a
satellite for digital satellite broadcasting or may be trans-
mitted from a download site to the computer via a network
such as a local area network (LAN) or the Internet.

The computer includes a central processing unit (CPU)
102 therein, and an input/output (I/O) interface 110 is
connected to the CPU 102 via a bus 101.

Upon receiving a command generated as the user operates
an input unit 107 via the 1/O interface 110, the CPU 102
executes the program stored in a read only memory (ROM)
103 according to the command. Alternatively, the CPU 102
loads the program stored in the hard disk 105 in a random
access memory (RAM) 104, and executes the program.

As a result, the CPU 102 performs the process according
to the above-described flowchart or the process performed
by the configuration of the above-described block diagram.
Then, the CPU 102 outputs, transmits, or records the pro-
cessing result through an output unit 106, a communication
unit 108, or the hard disk 105 via, for example, the I/O
interface 110 as necessary.

The input unit 107 includes a keyboard, a mouse, a
microphone, or the like. Further, the output unit 106 includes
a liquid crystal display (LCD), a speaker, or the like.

Processing performed herein by the computer according
to a program does not necessarily have to be performed
chronologically in the order described in a flow chart. That
is, processing performed by the computer according to a
program also includes processing performed in parallel or
individually (for example, parallel processing or processing
by an object).

The program may be processed by one computer (pro-
cessor) or by a plurality of computers in a distributed
manner. Further, the program may be performed after being
transferred to a remote computer.

An embodiment of the disclosure is not limited to the
embodiments described above, and various changes and
modifications may be made without departing from the
scope of the disclosure.

For example, in the present embodiment, the 2K image is
employed as the input image, but an image having a different
resolution may be employed as the input image.

10

15

20

25

30

35

40

45

50

55

60

65

30

Further, in the present embodiment, the 4K display device
is employed as the display device 13, but a display device
having a resolution other than 4K may be employed as the
display device 13.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

Additionally, the present technology may also be config-
ured as below.

(1) An image processing apparatus, including:
a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;
an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;

an up-converting unit configured to perform up conver-

sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and

a generating unit configured to write the first up-converted

image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,

wherein, when the input image is a three dimensional

(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,
the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and
the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in unit of lines by up con-
verting the 3D image.
(2) The image processing apparatus according to (1),
wherein, when the input image is a 3D image of the
line-by-line method in which L-side lines, which are
lines configuring the L-side image, and R-side lines,
which are lines configuring the R-side image, are
alternately arranged,
the memory unit reads the L-side lines of the 3D image
of the line-by-line method as the first image, and
reads the R-side lines of the 3D image of the line-
by-line method as the second image.
(3) The image processing apparatus according to (1) or (2),
wherein, when the input image is a 3D image of a top- and
bottom method in which the L-side image is arranged
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in one of a region of an upper half and a region of a (6) The image processing apparatus according to any one of

lower half of a screen, and the R-side image is arranged (1) to (5),

in the other, wherein, when the input image is a 2D image, and the

the memory unit reads the region of the upper half of scan method of the dlSPlaY deVlC? 18 & Spring Cross-in-
the 3D image of the top- and bottom method as the 3 square method in which scaniing 1S performed in
first i d reads th . fihe | half of directions from a center of a display screen toward four
ﬂf s 311131 age, an ri; s the rezigl.on ol the lower hatl o corners in four small display screens obtained by

e image as the second image.

. ‘ : dividing the display screen of the display device in half
(4)(T)he 1I(na)ge processing apparatus according to any one of in a horizontal direction and a vertical direction,
1) to (3),

10 the memory unit reads pixels of a region of an upper
wherein, when the input image is a 3D image of a frame

half of the 2D image as the first image in a direction
sequential method in which the [-side image and the
R-side image are alternately arranged in units of
screens,
the memory unit reads, in a screen of the input image,
a screen of the L-side image as the first image, and
reads a screen of the R-side image as the second
image.

15

from a lower left to an upper right, and reads pixels
of a region of a lower half of the 2D image as the
second image in a direction from an upper left to a
lower right,

the acquiring unit acquires the first up-conversion line
from the first image, and acquires the second up-
conversion line from the second image,

the generating unit sequentially writes lines of the first

(5) The image processing apparatus according to any one of
(1) to (4), 20
wherein, when the input image is a two dimensional (2D)

up-converted image from a first line memory among
four line memories of the first memory block having
the four line memories each of which has a capacity

image, and the scan method of the display device is a
normal cross-in-square method in which scanning is
performed in a direction from an upper left to a lower

of Y4 of lines of the output image, and sequentially
writing lines of the second up-converted image from
a first line memory among four line memories of the
second memory block having the four line memories

glght n each of four small dlsplay. sereens obtalped by 23 each of which has a capacity of %4 of lines of the
ividing a display screen of the display device in half output image, and
in a horizontal direction and a vertical direction, the generating 1;nit simultaneously performs
thfil Hllfm?r}t’hunizt ];ee}ds pixels 211; a Iriegim'l of an.uPItfr sequent(iially readiiﬂng thi pif)i(els 1of the first up-cgn-
all o e image as the Hrst mmage 1n the verted image from the first line memory and a
direction from the upper left to the lower right, and 30 second linegmemory among the four lingymemo-
reads pixels of a region of a lower half of the 2D ries of the first memory block in a reverse order as
image as the second image in the direction from the a writing order,
upper left to the lower right, sequentia}ly reading the pi.xels of the ﬁr.st up-con-
the acquiring unit acquires the first up-conversion line V.erted image from the thlrd and fomh line memo-
from the first image, and acquires the second up- f1es among th? four line memories qf. the first
conversion line from the second image memory block inasame qrder as the writing order,
: . . . o sequentially reading the pixels of the second up-
the generating unit sequentially writes lines of the first converted image from the first line memory and a
up-converted image from a first line memory among second line memory among the four line memo-
four line memories of the first memory block having 40 ries of the second memory block in a reverse order
the four line memories each of which has a capacity from the writing order, and
of Y4 of lines of the output image, and sequentially sequentially reading the pixels of the second up-
writing lines of the second up-converted image from converted image from the third and fourth line
a first line memory among four line memories of the memories among the four line memories of the
second memory block having the four line memories 45 second memory block in a same order as the

each of which has a capacity of 4 of lines of the

writing order.

output image, and
the generating unit simultaneously performs
sequentially reading the pixels of the first up-con-

(7) The image processing apparatus according to any one of

(1) to (6),

wherein, when the input image is a 2D image, and the

verted image from the first line memory and a 50 scan method of the display device is a bamboo blind
second line memory among the four line memo- method in which scanning is performed in a direction
ries of the first memory block in a same order as from an upper left to a lower right in each of four small
a writing order, display screens obtained by equally dividing a display
sequentially reading the pixels of the first up-con- screen of the display device into four in a horizontal
verted image from the third and fourth line memo- 55 direction,
ries among the four line memories of the first the memory unit reads odd-numbered lines of the 2D
memory block in a same order as the writing order, image as the first image, and reads even-numbered
sequentially reading the pixels of the second up- lines of the 2D image as the second image,
converted image from the first line memory and a the acquiring unit acquires the first up-conversion line
second line memory among the four line memo- 60 and the second up-conversion line from an image in
ries of the second memory block in a same order which lines of the first image and lines of the second
as the writing order, and image are alternately arranged, and
sequentially reading the pixels of the second up- the generating unit performs
converted image from the third and fourth line sequentially writing lines of the first up-converted
memories among the four line memories of the 65 image from a first line memory among four line

second memory block in a same order as the
writing order.

memories of the first memory block having the
four line memories each of which has a capacity of
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V4 of lines of the output image, and sequentially
writing lines of the second up-converted image
from a first line memory among four line memo-
ries of the second memory block having the four
line memories each of which has a capacity of %
of lines of the output image, and
simultaneously reading the pixels of the first up-
converted image from the four line memories of
the first memory block, and simultaneously read-
ing the pixels of the second up-converted image
from the four line memories of the second
memory block.
(8) The image processing apparatus according to any one of
(1) to (7),
wherein, when the input image is a 2D image, and the
scan method of the display device is a single screen
method in which scanning is performed in a direction
from an upper left to a lower right on a display screen
of the display device,
the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,
the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and
the generating unit performs
writing lines of the first up-converted image in the
first memory block and writing lines of the second
up-converted image in the second memory block,
and
reading the lines of the first up-converted image from
the first memory block and reading the lines of the
second up-converted image from the second
memory block.
(9) An image processing method, including:
storing an input image and reading a part or all of the input
image as a first image and a second image;
acquiring an up-conversion line that is a line of pixels
used for up conversion from the first and second
images;
performing up conversion using pixels of the up-conver-
sion line, and generating a first up-converted image
obtained by up converting the first image and a second
up-converted image obtained by up converting the
second image;
writing the first up-converted image in a first memory
block and writing the second up-converted image in a
second memory block;
reading pixels of the first up-converted image written in
the first memory block in a certain order decided
according to a scan method of a display device con-
figured to display an output image obtained by up
converting the input image, and reading pixels of the
second up-converted image written in the second
memory block in the certain order; and
generating the output image according to the scan method
of the display device,
wherein, when the input image is a three dimensional
(3D) image,
in the reading of the first and second images, an L-side
image viewed with a left eye in the 3D image is read
as the first image, and an R-side image viewed with
a right eye is read as the second image,
in the acquiring of the up-conversion line, a first
up-conversion line that is a line of pixels used for up
conversion for generating the first up-converted
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image is acquired from the first image, and a second
up-conversion line that is a line of pixels used for up
conversion for generating the second up-converted
image is acquired from the second image, and
in the generating of the output image, an up-converted
3D image of a line-by-line method in which the
pixels of the first up-converted image written in the
first memory block and the pixels of the second
up-converted image written in the second memory
block are alternately arranged in units of lines is
generated by up converting the 3D image.
(10) A program for causing a computer to function as:
a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;
an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;
an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and
a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,
wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,

the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and

the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in units of lines by up
converting the 3D image.

What is claimed is:

1. An image processing apparatus, comprising circuitry

configured to function as:

a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;

an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;

an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
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verting the first image and a second up-converted
image obtained by up converting the second image; and

a generating unit configured to write the first up-converted

image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,

wherein, when the input image is a three dimensional

(3D) image,

the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,

the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and

the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in unit of lines by up con-
verting the 3D image; and

wherein, when the input image is a two dimensional (2D)

image, and the scan method of the display device is a
normal cross-in-square method in which scanning is
performed in a direction from an upper left to a lower
right in each of four small display screens obtained by
dividing a display screen of the display device in half
in a horizontal direction and a vertical direction,
the memory unit reads pixels of a region of an upper
half of the 2D image as the first image in the
direction from the upper left to the lower right, and
reads pixels of a region of a lower half of the 2D
image as the second image in the direction from the
upper left to the lower right,
the acquiring unit acquires the first up-conversion line
from the first image, and acquires the second up-
conversion line from the second image,
the generating unit sequentially writes lines of the first
up-converted image from a first line memory among
four line memories of the first memory block having
the four line memories each of which has a capacity
of Y4 of lines of the output image, and sequentially
writing lines of the second up-converted image from
a first line memory among four line memories of the
second memory block having the four line memories
each of which has a capacity of 4 of lines of the
output image, and
the generating unit simultaneously performs
sequentially reading the pixels of the first up-con-
verted image from the first line memory and a
second line memory among the four line memo-
ries of the first memory block in a same order as
a writing order,
sequentially reading the pixels of the first up-con-
verted image from the third and fourth line memo-
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ries among the four line memories of the first
memory block in a same order as the writing order,
sequentially reading the pixels of the second up-
converted image from the first line memory and a
second line memory among the four line memo-
ries of the second memory block in a same order
as the writing order, and
sequentially reading the pixels of the second up-
converted image from the third and fourth line
memories among the four line memories of the
second memory block in a same order as the
writing order.
2. The image processing apparatus according to claim 1,
wherein, when the input image is a 3D image of the
line-by-line method in which L-side lines, which are
lines configuring the L-side image, and R-side lines,
which are lines configuring the R-side image, are
alternately arranged,
the memory unit reads the L-side lines of the 3D image
of the line-by-line method as the first image, and
reads the R-side lines of the 3D image of the line-
by-line method as the second image.
3. The image processing apparatus according to claim 1,

wherein, when the input image is a 3D image of a top-and
bottom method in which the L-side image is arranged
in one of a region of an upper half and a region of a
lower half of a screen, and the R-side image is arranged
in the other,
the memory unit reads the region of the upper half of
the 3D image of the top-and bottom method as the
first image, and reads the region of the lower half of
the 3D image as the second image.
4. The image processing apparatus according to claim 1,

wherein, when the input image is a 3D image of a frame
sequential method in which the L-side image and the
R-side image are alternately arranged in units of
screens,

the memory unit reads, in a screen of the input image,

a screen of the L-side image as the first image, and

reads a screen of the R-side image as the second
image.

5. The image processing apparatus according to claim 1,

wherein, when the input image is a 2D image, and the
scan method of the display device is a single screen
method in which scanning is performed in a direction
from an upper left to a lower right on a display screen
of the display device,

the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,

the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and

the generating unit performs

writing lines of the first up-converted image in the
first memory block and writing lines of the second
up-converted image in the second memory block,
and

reading the lines of the first up-converted image from
the first memory block and reading the lines of the
second up-converted image from the second
memory block.
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6. An image processing apparatus, comprising circuitry

configured to function as:

a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;
an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;
an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and
a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,
wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,

the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and

the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in unit of lines by up con-
verting the 3D image; and
wherein, when the input image is a 2D image, and the
scan method of the display device is a spring cross-in-
square method in which scanning is performed in
directions from a center of a display screen toward four
corners in four small display screens obtained by
dividing the display screen of the display device in half
in a horizontal direction and a vertical direction,
the memory unit reads pixels of a region of an upper
half of the 2D image as the first image in a direction
from a lower left to an upper right, and reads pixels
of a region of a lower half of the 2D image as the
second image in a direction from an upper left to a
lower right,

the acquiring unit acquires the first up-conversion line
from the first image, and acquires the second up-
conversion line from the second image,

the generating unit sequentially writes lines of the first
up-converted image from a first line memory among
four line memories of the first memory block having
the four line memories each of which has a capacity
of Y4 of lines of the output image, and sequentially
writing lines of the second up-converted image from
a first line memory among four line memories of the
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second memory block having the four line memories
each of which has a capacity of %4 of lines of the
output image, and
the generating unit simultaneously performs
sequentially reading the pixels of the first up-con-
verted image from the first line memory and a
second line memory among the four line memo-
ries of the first memory block in a reverse order as
a writing order,
sequentially reading the pixels of the first up-con-
verted image from the third and fourth line memo-
ries among the four line memories of the first
memory block in a same order as the writing order,
sequentially reading the pixels of the second up-
converted image from the first line memory and a
second line memory among the four line memo-
ries of the second memory block in a reverse order
from the writing order, and
sequentially reading the pixels of the second up-
converted image from the third and fourth line
memories among the four line memories of the
second memory block in a same order as the
writing order.
7. The image processing apparatus according to claim 6,
wherein, when the input image is a 3D image of the
line-by-line method in which L-side lines, which are
lines configuring the L-side image, and R-side lines,
which are lines configuring the R-side image, are
alternately arranged,
the memory unit reads the L-side lines of the 3D image
of the line-by-line method as the first image, and
reads the R-side lines of the 3D image of the line-
by-line method as the second image.
8. The image processing apparatus according to claim 6,
wherein, when the input image is a 3D image of a top-and
bottom method in which the L-side image is arranged
in one of a region of an upper half and a region of a
lower half of a screen, and the R-side image is arranged
in the other,
the memory unit reads the region of the upper half of
the 3D image of the top- and bottom method as the
first image, and reads the region of the lower half of
the 3D image as the second image.
9. The image processing apparatus according to claim 6,
wherein, when the input image is a 3D image of a frame
sequential method in which the L-side image and the
R-side image are alternately arranged in units of
screens,
the memory unit reads, in a screen of the input image,
a screen of the L-side image as the first image, and
reads a screen of the R-side image as the second
image.
10. The image processing apparatus according to claim 6,
wherein, when the input image is a 2D image, and the
scan method of the display device is a single screen
method in which scanning is performed in a direction
from an upper left to a lower right on a display screen
of the display device,
the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,
the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and
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the generating unit performs

writing lines of the first up-converted image in the
first memory block and writing lines of the second
up-converted image in the second memory block,
and

reading the lines of the first up-converted image from
the first memory block and reading the lines of the
second up-converted image from the second
memory block.

11. An image processing apparatus, comprising circuitry

configured to function as:
a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;
an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;
an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and
a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,
wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,

the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and

the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in unit of lines by up con-
verting the 3D image; and
wherein, when the input image is a 2D image, and the
scan method of the display device is a bamboo blind
method in which scanning is performed in a direction
from an upper left to a lower right in each of four small
display screens obtained by equally dividing a display
screen of the display device into four in a horizontal
direction,
the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,

the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and
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the generating unit performs

sequentially writing lines of the first up-converted
image from a first line memory among four line
memories of the first memory block having the
four line memories each of which has a capacity of
V4 of lines of the output image, and sequentially
writing lines of the second up-converted image
from a first line memory among four line memo-
ries of the second memory block having the four
line memories each of which has a capacity of %
of lines of the output image, and

simultaneously reading the pixels of the first up-
converted image from the four line memories of
the first memory block, and simultaneously read-
ing the pixels of the second up-converted image
from the four line memories of the second
memory block.

12. The image processing apparatus according to claim
11,
wherein, when the input image is a 3D image of the
line-by-line method in which L-side lines, which are
lines configuring the L-side image, and R-side lines,
which are lines configuring the R-side image, are
alternately arranged,

the memory unit reads the L-side lines of the 3D image
of the line-by-line method as the first image, and
reads the R-side lines of the 3D image of the line-
by-line method as the second image.

13. The image processing apparatus according to claim
11,

wherein, when the input image is a 3D image of a top-and
bottom method in which the L-side image is arranged
in one of a region of an upper half and a region of a
lower half of a screen, and the R-side image is arranged
in the other,

the memory unit reads the region of the upper half of
the 3D image of the top-and bottom method as the
first image, and reads the region of the lower half of
the 3D image as the second image.

14. The image processing apparatus according to claim
11,
wherein, when the input image is a 3D image of a frame
sequential method in which the L-side image and the
R-side image are alternately arranged in units of
screens,

the memory unit reads, in a screen of the input image,
a screen of the L-side image as the first image, and
reads a screen of the R-side image as the second
image.
15. The image processing apparatus according to claim
11,

wherein, when the input image is a 2D image, and the
scan method of the display device is a single screen
method in which scanning is performed in a direction
from an upper left to a lower right on a display screen
of the display device,

the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,

the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and
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the generating unit performs
writing lines of the first up-converted image in the
first memory block and writing lines of the second
up-converted image in the second memory block,
and
reading the lines of the first up-converted image from
the first memory block and reading the lines of the
second up-converted image from the second
memory block.
16. An image processing method, comprising:
storing an input image and reading a part or all of the input
image as a first image and a second image;
acquiring an up-conversion line that is a line of pixels
used for up conversion from the first and second
images;
performing up conversion using pixels of the up-conver-
sion line, and generating a first up-converted image
obtained by up converting the first image and a second
up-converted image obtained by up converting the
second image;
writing the first up-converted image in a first memory
block and writing the second up-converted image in a
second memory block;
reading pixels of the first up-converted image written in
the first memory block in a certain order decided
according to a scan method of a display device con-
figured to display an output image obtained by up
converting the input image, and reading pixels of the
second up-converted image written in the second
memory block in the certain order; and
generating the output image according to the scan method
of the display device,
wherein, when the input image is a three dimensional
(3D) image,
in the reading of the first and second images, an L-side
image viewed with a left eye in the 3D image is read
as the first image, and an R-side image viewed with
a right eye is read as the second image,
in the acquiring of the up-conversion line, a first
up-conversion line that is a line of pixels used for up
conversion for generating the first up-converted
image is acquired from the first image, and a second
up-conversion line that is a line of pixels used for up
conversion for generating the second up-converted
image is acquired from the second image, and
in the generating of the output image, an up-converted
3D image of a line-by-line method in which the
pixels of the first up-converted image written in the
first memory block and the pixels of the second
up-converted image written in the second memory
block are alternately arranged in units of lines is
generated by up converting the 3D image; and
wherein, when the input image is a two dimensional (2D)
image, and the scan method of the display device is a
normal cross-in-square method in which scanning is
performed in a direction from an upper left to a lower
right in each of four small display screens obtained by
dividing a display screen of the display device in half
in a horizontal direction and a vertical direction,
in reading the first and second images, pixels of a region
of an upper half of the 2D image are read as the first
image in the direction from the upper left to the lower
right, and pixels of a region of a lower half of the 2D
image are read as the second image in the direction
from the upper left to the lower right,
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in the acquiring of the up-conversion line, the first
up-conversion line is acquired from the first image,
and the second up-conversion line is acquired from
the second image,
in the generating of the output image, lines of the first
up-converted image from a first line memory are
sequentially written among four line memories of the
first memory block having the four line memories
each of which has a capacity of %4 of lines of the
output image, and lines of the second up-converted
image from a first line memory are sequentially
written among four line memories of the second
memory block having the four line memories each of
which has a capacity of ¥4 of lines of the output
image, and
the following acts are simultaneously performed
sequentially reading the pixels of the first up-con-
verted image from the first line memory and a
second line memory among the four line memo-
ries of the first memory block in a same order as
a writing order,
sequentially reading the pixels of the first up-con-
verted image from the third and fourth line memo-
ries among the four line memories of the first
memory block in a same order as the writing order,
sequentially reading the pixels of the second up-
converted image from the first line memory and a
second line memory among the four line memo-
ries of the second memory block in a same order
as the writing order, and
sequentially reading the pixels of the second up-
converted image from the third and fourth line
memories among the four line memories of the
second memory block in a same order as the
writing order.
17. A non-transitory computer-readable medium encoded

with instructions that, when executed by a computer, cause
the computer to function as:

a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;

an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;

an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and

a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,

wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side

image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,
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the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and

the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of

44

performing up conversion using pixels of the up-conver-
sion line, and generating a first up-converted image
obtained by up converting the first image and a second
up-converted image obtained by up converting the
second image;

writing the first up-converted image in a first memory
block and writing the second up-converted image in a
second memory block;

reading pixels of the first up-converted image written in

the first up-converted image written in the first 10 the first memory block in a certain order decided
memory block and the pixels of the second up- according to a scan method of a display device con-
converted image written in the second memory block figured to display an output image obtained by up
are alternately arranged in units of lines by up converting the input image, and reading pixels of the
converting the 3D image; and 15 second up-converted image written in the second
wherein, when the input image is a two dimensional (2D) memory block in the certain order; and
image, and the scan method of the display device is a generating the output image according to the scan method
normal cross-in-square method in which scanning is of the display device,
performed in a direction from an upper left to a lower wherein, when the input image is a three dimensional
right in each of four small display screens obtained by 20 (3D) image,
dividing a display screen of the display device in half in the reading of the first and second images, an [-side
in a horizontal direction and a vertical direction, image viewed with a left eye in the 3D image is read
the memory unit reads pixels of a region of an upper as the first image, and an R-side image viewed with
half of the 2D image as the first image in the a right eye is read as the second image,
direction from the upper left to the lower right, and 25 in the acquiring of the up-conversion line, a first
reads pixels of a region of a lower half of the 2D up-conversion line that is a line of pixels used for up
image as the second image in the direction from the conversion for generating the first up-converted
upper left to the lower right, image is acquired from the first image, and a second
the acquiring unit acquires the first up-conversion line up-conversion line that is a line of pixels used for up
from the first image, and acquires the second up- 30 conversion for generating the second up-converted
conversion line from the second image, image is acquired from the second image, and
the generating unit sequentially writes lines of the first in the generating of the output image, an up-converted
up-converted image from a first line memory among 3D image of a line-by-line method in which the
four line memories of the first memory block having pixels of the first up-converted image written in the
the four line memories each of which has a capacity 35 first memory block and the pixels of the second
of Y4 of lines of the output image, and sequentially up-converted image written in the second memory
writing lines of the second up-converted image from block are alternately arranged in units of lines is
a first line memory among four line memories of the generated by up converting the 3D image; and
second memory block having the four line memories wherein, when the input image is a 2D image, and the
each of which has a capacity of Y4 of lines of the 40 scan method of the display device is a spring cross-in-
output image, and square method in which scanning is performed in
the generating unit simultaneously performs directions from a center of a display screen toward four
sequentially reading the pixels of the first up-con- corners in four small display screens obtained by
verted image from the first line memory and a dividing the display screen of the display device in half
second line memory among the four line memo- 45 in a horizontal direction and a vertical direction,
ries of the first memory block in a same order as in the reading of the first and second images, pixels of
a writing order, a region of an upper half of the 2D image are read as
sequentially reading the pixels of the first up-con- the first image in a direction from a lower left to an
verted image from the third and fourth line memo- upper right, and pixels of a region of a lower half of
ries among the four line memories of the first 50 the 2D image as the second image are read in a
memory block in a same order as the writing order, direction from an upper left to a lower right,
sequentially reading the pixels of the second up- in the acquiring of the up-conversion line, the first
converted image from the first line memory and a up-conversion line is acquired from the first image,
second line memory among the four line memo- and the second up-conversion line is acquired from
ries of the second memory block in a same order 55 the second image,
as the writing order, and in the generating of the output image, lines of the first
sequentially reading the pixels of the second up- up-converted image from a first line memory are
converted image from the third and fourth line sequentially written among four line memories of the
memories among the four line memories of the first memory block having the four line memories
second memory block in a same order as the 60 each of which has a capacity of %4 of lines of the
writing order. output image, and lines of the second up-converted
18. An image processing method, comprising: image from a first line memory are sequentially
storing an input image and reading a part or all of the input written among four line memories of the second
image as a first image and a second image; memory block having the four line memories each of
acquiring an up-conversion line that is a line of pixels 65 which has a capacity of ¥4 of lines of the output
used for up conversion from the first and second image, and

images; the following acts are simultaneously performed
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sequentially reading the pixels of the first up-con-
verted image from the first line memory and a
second line memory among the four line memo-
ries of the first memory block in a reverse order as
a writing order,
sequentially reading the pixels of the first up-con-
verted image from the third and fourth line memo-
ries among the four line memories of the first
memory block in a same order as the writing order,
sequentially reading the pixels of the second up-
converted image from the first line memory and a
second line memory among the four line memo-
ries of the second memory block in a reverse order
from the writing order, and
sequentially reading the pixels of the second up-
converted image from the third and fourth line
memories among the four line memories of the
second memory block in a same order as the
writing order.
19. An image processing method, comprising:
storing an input image and reading a part or all of the input
image as a first image and a second image;
acquiring an up-conversion line that is a line of pixels
used for up conversion from the first and second
images;
performing up conversion using pixels of the up-conver-
sion line, and generating a first up-converted image
obtained by up converting the first image and a second
up-converted image obtained by up converting the
second image;
writing the first up-converted image in a first memory
block and writing the second up-converted image in a
second memory block;
reading pixels of the first up-converted image written in
the first memory block in a certain order decided
according to a scan method of a display device con-
figured to display an output image obtained by up
converting the input image, and reading pixels of the
second up-converted image written in the second
memory block in the certain order; and
generating the output image according to the scan method
of the display device,
wherein, when the input image is a three dimensional
(3D) image,
in the reading of the first and second images, an L-side
image viewed with a left eye in the 3D image is read
as the first image, and an R-side image viewed with
a right eye is read as the second image,
in the acquiring of the up-conversion line, a first
up-conversion line that is a line of pixels used for up
conversion for generating the first up-converted
image is acquired from the first image, and a second
up-conversion line that is a line of pixels used for up
conversion for generating the second up-converted
image is acquired from the second image, and
in the generating of the output image, an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first memory
block and the pixels of the second up-converted image
written in the second memory block are alternately
arranged in units of lines is generated by up converting
the 3D image; and
wherein, when the input image is a 2D image, and the
scan method of the display device is a bamboo blind
method in which scanning is performed in a direction
from an upper left to a lower right in each of four small
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display screens obtained by equally dividing a display
screen of the display device into four in a horizontal
direction,
in the reading of the first and second images, odd-
numbered lines of the 2D image are read as the first
image, and even-numbered lines of the 2D image are
read as the second image,
in the acquiring of the up-conversion line, the first
up-conversion line and the second up-conversion
line are acquired from an image in which lines of the
first image and lines of the second image are alter-
nately arranged, and
in the generating of the output image,
lines of the first up-converted image from a first line
memory are sequentially written among four line
memories of the first memory block having the
four line memories each of which has a capacity of
V4 of lines of the output image, and lines of the
second up-converted image from a first line
memory are sequentially written among four line
memories of the second memory block having the
four line memories each of which has a capacity of
V4 of lines of the output image, and
the pixels of the first up-converted image are simul-
taneously read from the four line memories of the
first memory block, and the pixels of the second
up-converted image are simultaneously read from
the four line memories of the second memory
block.
20. A non-transitory computer-readable medium encoded

with instructions that, when executed by a computer, cause
the computer to function as:

a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;
an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;
an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
verting the first image and a second up-converted
image obtained by up converting the second image; and
a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,
wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,

the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and
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the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in units of lines by up
converting the 3D image; and

wherein, when the input image is a 2D image, and the
scan method of the display device is a spring cross-in-
square method in which scanning is performed in
directions from a center of a display screen toward four
corners in four small display screens obtained by
dividing the display screen of the display device in half
in a horizontal direction and a vertical direction,
the memory unit reads pixels of a region of an upper

half of the 2D image as the first image in a direction
from a lower left to an upper right, and reads pixels
of a region of a lower half of the 2D image as the
second image in a direction from an upper left to a
lower right,
the acquiring unit acquires the first up-conversion line
from the first image, and acquires the second up-
conversion line from the second image,
the generating unit sequentially writes lines of the first
up-converted image from a first line memory among
four line memories of the first memory block having
the four line memories each of which has a capacity
of Y4 of lines of the output image, and sequentially
writing lines of the second up-converted image from
a first line memory among four line memories of the
second memory block having the four line memories
each of which has a capacity of 4 of lines of the
output image, and
the generating unit simultaneously performs
sequentially reading the pixels of the first up-con-
verted image from the first line memory and a
second line memory among the four line memo-
ries of the first memory block in a reverse order as
a writing order,
sequentially reading the pixels of the first up-con-
verted image from the third and fourth line memo-
ries among the four line memories of the first
memory block in a same order as the writing order,
sequentially reading the pixels of the second up-
converted image from the first line memory and a
second line memory among the four line memo-
ries of the second memory block in a reverse order
from the writing order, and
sequentially reading the pixels of the second up-
converted image from the third and fourth line
memories among the four line memories of the
second memory block in a same order as the
writing order.

21. A non-transitory computer-readable medium encoded
with instructions that, when executed by a computer, cause
the computer to function as:

a memory unit configured to store an input image and read
a part or all of the input image as a first image and a
second image;

an acquiring unit configured to acquire an up-conversion
line that is a line of pixels used for up conversion from
the first and second images;

an up-converting unit configured to perform up conver-
sion using pixels of the up-conversion line, and gen-
erate a first up-converted image obtained by up con-
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verting the first image and a second up-converted
image obtained by up converting the second image; and
a generating unit configured to write the first up-converted
image in a first memory block, write the second up-
converted image in a second memory block, read pixels
of the first up-converted image written in the first
memory block in a certain order decided according to
a scan method of a display device configured to display
an output image obtained by up converting the input
image, read pixels of the second up-converted image
written in the second memory block in the certain order,
and generate the output image according to the scan
method of the display device,
wherein, when the input image is a three dimensional
(3D) image,
the memory unit reads, in the 3D image, an L-side
image viewed with a left eye as the first image, and
reads an R-side image viewed with a right eye as the
second image,
the acquiring unit acquires a first up-conversion line
that is a line of pixels used for up conversion for
generating the first up-converted image from the first
image, and acquires a second up-conversion line that
is a line of pixels used for up conversion for gener-
ating the second up-converted image from the sec-
ond image, and
the generating unit generates an up-converted 3D
image of a line-by-line method in which the pixels of
the first up-converted image written in the first
memory block and the pixels of the second up-
converted image written in the second memory block
are alternately arranged in units of lines by up
converting the 3D image; and
wherein, when the input image is a 2D image, and the
scan method of the display device is a bamboo blind
method in which scanning is performed in a direction
from an upper left to a lower right in each of four small
display screens obtained by equally dividing a display
screen of the display device into four in a horizontal
direction,
the memory unit reads odd-numbered lines of the 2D
image as the first image, and reads even-numbered
lines of the 2D image as the second image,
the acquiring unit acquires the first up-conversion line
and the second up-conversion line from an image in
which lines of the first image and lines of the second
image are alternately arranged, and
the generating unit performs
sequentially writing lines of the first up-converted
image from a first line memory among four line
memories of the first memory block having the
four line memories each of which has a capacity of
V4 of lines of the output image, and sequentially
writing lines of the second up-converted image
from a first line memory among four line memo-
ries of the second memory block having the four
line memories each of which has a capacity of %
of lines of the output image, and
simultaneously reading the pixels of the first up-
converted image from the four line memories of
the first memory block, and simultaneously read-
ing the pixels of the second up-converted image
from the four line memories of the second
memory block.
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